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INTRODUCTION 
Today, the trend is toward a more scientific approach to 
the problems of fish culture and other branches of game 
management. In order to consider the problem intelligently 
it is necessary to find out more about factors that make a 
favorable environment for the different kinds of fish, and 
the food they prefer. To secure this information biological 
and chemical surveys of the water are necessary. Thus, by 
a scientific method, it is possible to determine the steps 
necessary to build up and maintain good fishing conditions. 
When gradual depletion of the game-fish supply in this 
country first became a problem, many fishermen thought 
the solution involved the establishment of more hatcheries, 
and an increased productivity of these hatcheries. This was 
done; billions of fish were planted but the results did not 
justify the expenditure and the effort. Perhaps this failure 
resulted chiefly from the introduction of fish in waters un-
suitable chemically and inadequately supplied with food. 
Although efforts to increase the fish supply were to a large 
extent wasted, many important findings were uncovered 
which may be applied to a well-rounded fish-management 
program. 
Six years ago the authors began a biological survey of 
White Rock and Bachman's Lakes in the Dallas region. Our 
objective was to discover, if possible, what kind of fish 
food cycles occurred in these two bodies of water. At first 
we were primarily interested in scientific results; to us the 
practical application of these results to fish-culture was 
secondary. However, in the course of one year's work we 
found that the physical and chemical behavior of these 
man-made lakes as well as the plant and animal life in the 
water did not wholly conform to natural lakes which had 
been investigated in the northern and northeastern sections 
of the United States. It became evident that conclusions 
(1) 
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reached on studies of northern lakes in America could not 
be directly applied to lakes and ponds in Texas. Conse-
quently, we realized the need of sufficient information on 
lakes and ponds in our region before we could interpret the 
behavior-pattern in these bodies of water. 
As data from studies accumulated, the picture began to 
unfold of organisms participating in the cycle of life within 
Texas waters. With information on feeding habits of dif-
ferent kinds of fish, and the abundance, scarcity, or absence 
of certain fish food substances in the lakes investigated, we 
began to study methods for increasing the kind of natural 
fish food needed. Our studies, that had their beginning as 
a matter of purely scientific interest, gradually revealed the 
possibilities of practical application. 
This practical application is particularly important dur-
ing the present war when beef and pork are being sent in 
ever increasing quantities overseas, and our home supplies 
are becoming limited. We naturally look to poultry and fish 
as substitutes. Farmers raise the beef, pork, and poultry, 
so why should not the farmer whose land is adapted to the 
task add another crop, namely fish, to the list of his tangible 
assets? Fortunately a program for the farmer interested 
in fisheries projects is now under way, and is being sup-
ported by the State Game, Fish and Oyster Commission at 
Austin, and by Texas Agricultural and Mechanical College. 
Four years ago an invitation was extended to us by the 
members of the Ellis Club Lakes, located near Mineola, 
Texas, to study their two lakes with a view to improving 
the water for fishing. This gave us a splendid chance to 
study distinctly different bodies of water; two located in 
the black-land belt in which the water was highly alkaline, 
and two in the sandy, piney-woods of East Texas, in which 
the water was either on the slightly acid side, neutral, or 
but slightly alkaline. Later, an invitation was given to study 
the Woodvale Club lake. As a consequence, we have been 
able to secure valuable field information for fish-culture on 
lakes in East Texas, as well as lakes and ponds in the black-
land belt. 
In order to test the effectiveness of various fertilizers and 
combinations of fertilizers in increasing the yield of fish 
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food, the Dallas Park Board gave us permission to use the 
City HatcherTand supplied the fertilizer for these experi-
ments. This hatchery served as a "proving ground," and as 
will be later described, gave us information of great benefit 
in working out techniques of fertilization. 
Our first publication of results recently appeared in a 
technical journal, and we then decided to incorporate our 
findings (published and unpublished) and the results of 
other investigations into a publication which could be un-
derstood and used by all persons interested in the culture 
of warm water game fish. 
It is true that valuable information on the culture of 
inland fishes in Texas may be secured from the offices of 
County Farm Agents, A. and M. College at College Station, 
or through the State Game, Fish and Oyster Commission at 
Austin. Bulletin No. 24 of the Texas Game, Fish and 
Oyster Commission, has recently (March, 1943) been re-
leased. This publication on "Utilizing Stock Tanks and 
Farm Ponds for Fish" was written by Marion Toole, Chief 
Aquatic Biologist of the Commission, and may be obtained 
free of cost by writing the Commission. It is a fine piece of 
work and will be most helpful to anyone interested in fish 
culture. In our opinion this publication and our own sup-
plement each other. 
In the pages that follow, we include the proper construc-
tion of ponds and lakes for fish life, and an explanation of 
the water-conditioning process; the selection of fish to be 
used in ponds as well as lakes, with suggestions as to suit-
able combinations according to the dictates of limited ex-
perience; an account of the care of fish, feeding habits, 
maintenance of food supply, supplemental brood ponds, 
minnow ponds, methods to be used in producing accessory 
foods (such as Daphnia and midge larvae) ; and a discus-
sion of predator control. Finally, there is a series of illus-
trations of the more common freshwater fishes with brief 
descriptions which emphasize field characters. These will 
enable the fisherman to tell what kind of fish he has caught. 
Information secured by other investigators has been 
drawn on freely and in these cases full credit is given. It is 
our desire to give fishermen something helpful and usable. 
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At the same time we realize that fish-culture in Texas and 
other parts of the Southwest is in its infancy. Knowledge, 
in many phases of this work, is limited and few broad 
generalizations can be made until many more data have 
accumulated. Fishermen, however, should have at their dis-
posal as much helpful information as has been discovered; 
and we hope that the following pages contain some of our 
findings and those of others which can be put to practical 
use. 
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FERTILIZATION 
Similarity of Land and Water Farming 
One of mankind's oldest activities is the growing of crops. 
With experience it was learned what kinds of plants pro-
duced best, how closely these should be planted, and what 
kinds of soil were most productive. As population increased 
and man came of age, he began to study more intensively 
plants and the soils from which they grew. Among other 
things he learned that barnyard manures, when applied to 
soil, increased the yield. 
Still later, with the rise of chemistry, man began to find 
what chemical elements were present in soils and crops; 
which soil substances were depleted by the various crops 
and needed replenishing. Barnyard manures were found to 
be deficient in some of these substances, and mineral fertil-
izers, some of them natural, others synthetic, then came 
into use. 
With the growth of the science of bacteriology it came to 
be known that the role of nature's smallest creatures, the 
bacteria, is the decomposition of organic matter, so that it 
may be used again and again by successive generations of 
plants and animals. Man learned that of the many kinds of 
soil bacteria some are his allies, decomposing dead matter 
into forms which could readily be used; that others were 
his foes, because they changed organic matter into forms 
not usable. 
It has long been known that when rich, new lands are 
first put under cultivation they yield abundantly for a few 
years, and then crops suffer a gradual decline. Cotton-pro-
ducing land of our own region, which once yielded a bale 
per acre, and in rare instances approached two bales, now 
commonly produces less than half a bale per acre per year. 
This is due to the continuous planting of one crop, which 
removes the same substances from the soil year after year 
(5) 
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with failure to replenish these substances in the form of 
fertilizers. 
Man has also arrived at rather definite standards as to 
the yield reasonably to be expected in an average year on 
a given piece of land planted to almost any common crop. 
If a field consistently falls below such production standards 
the intelligent farmer with the aid of the county agricul-
tural agent (and perhaps of the agricultural experiment 
station of his state) is able to take steps to restore the 
normal condition, or to change to a more suitable crop. 
All of these points having to do with production of crops 
from the soil are paralleled in the production of crops of 
fish from ponds and lakes. 
Deterioration of Unfertilized Lakes 
In early days, when this new country was sparsely set-
tled, production of fish in streams and lakes was probably 
abundant; but as population increased, as drainage projects 
reduced the number and size of available fishing places, as 
neglect and pollution and failure to control erosion had 
similar effects, fishing became poor. In our region this situa-
tion has been met by the building of many artificial ponds 
and lakes, sometimes for municipal water sources, some-
times for power, more recently for flood control, and fre-
quently for the express purpose of producing fishing and 
hunting places. 
It has commonly been the history of these artificial lakes 
and ponds that in their first few years they contained an 
abundance of fish. After a few seasons there was an in-
crease in the number of small fish, but a scarcity of fish 
of legal size. Under favorable conditions fish make rapid 
growth, hence the increase in number of small fish is due 
largely to lack of food. The fish are barely able to maintain 
themselves. The large number of these small fish is due to 
the high reproductive rate, and to the fact that the fishes 
begin egg production when quite small. 
The Food Chain 
In anything but a small tank the logical way to handle 
the food situation is to maintain conditions such that pond 
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or lake will naturally produce a variety of foods to satisfy 
the different kinds of fish in all stages of development. 
Many studies have shown that this means the production 
of microscopic water plants (algae) and water animals of 
similar size (the two constituting the plankton). Some of 
these organisms are eaten directly by the fish, while others 
are consumed by slightly larger creatures which the desir-
able fish in turn devour, thus becoming members of "food 
chains." 
The algae, or tiny green plants, are the basic food makers 
of the lake. They actually make food in the form of sugars, 
starches, and oils, as well as proteins, using water and 
carbon dioxide gas which is dissolved in the water, plus 
small quantities of dissolved mineral substances. Part of 
the carbon dioxide gas required is produced by the action 
of bacteria which decompose dead plant and animal mat-
ter. Much dissolved mineral material is liberated in the 
same way by bacteria, and the remainder is leached from 
the soil by water. Some of the material produced by the 
action of bacteria is only partly decomposed remnants of 
bodies of plants and animals (called "organic matter") and 
may be very important as food for microscopic animals, 
or may be used by algae to make such food. One student of 
these problems (Thienemann, 1931) has called the algae 
the producers, the microscopic animals the consumers, and 
the bacteria the reducers, in this chain of events. 
In a newly formed lake there is usually a considerable 
quantity of dead vegetation, which, when acted upon by 
bacteria, give rise to an abundance of material used by the 
algae in food-making, thus starting the food chain. Some 
of the algae are devoured by tiny animals, and these ani-
mals in turn are eaten by larger creatures, including min-
nows, fry, fingerlings, or small fishes. When food produc-
tion lags behind the needs of the fishes in a pond the fish 
cease growth unless they are artificially fed, or unless fer-
tilizer is added to the water to increase natural food. 
Methods of Fertilization 
Experiments upon farm lands showed long since that 
three kinds of chemical substances are most likely to be de-
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pleted in a soil. These are nitrogen, phosphorus, and potas-
sium compounds. When fertilization studies began to be 
made upon water for better production of plankton and 
fish, the natural assumption was that one or more of the 
same substances might be the missing ones. 
Nelson (1941) tried "staying as close to nature as possi-
ble" and used three tons of cow manure per acre. This he 
placed in a pile in the deeper part of a d~ained pond. Upon 
refilling the pond, he stocked it with young bass, and got 
excellent results. Fertilizer of the same kind, applied later 
in the season, when the pond was full, was placed in shal-
low water near the shore. He recommends removal of the 
fertilizer after each season, stating that decomposition 
products are dangerous to fish after the first year. Obviously 
his plan is practicable only in small ponds which are drained 
annually. Animal manures have been used for pond fertil-
itation for many years, but are commonly used in smaller 
quantities and are spread in shallow marginal waters, 
rather than concentrated in the deeper part of a pond. 
Smith and Swingle (1938) mixed a fertilizer in the fol-
lowing proportions for use in ponds in central Alabama: 
Sulphate of ammonia ---------------"-------------------40 lbs. 
Superphosphate ( 16 % ) ___________ : ______________ 60 lbs. 
Muriate of potash--------------------'~'.__________________ 5 lbs. 
Ca lei um carbonate _________________________ ___ 15 lbs.
This quantity was applied to each acre of pond surface at 
varying times in a series of experiments. They first made 
the above application monthly, but later found that if half 
this quantity is used each week for about four weeks in the 
spring, and then at monthly intervals through the summer, 
a more satisfactory condition was produced with a slightly 
smaller total amount of fertilizer. They found that, with 
similar stocks of fish, unfertilized ponds produced 134 
pounds of fish per acre per year while fertilized ones pro-
duced 578 pounds-an increase of about 31/3 times. Later 
the same workers found that three weekly applications in 
spring are about as effective as four; that, thereafter, with 
a little practice it can usually be determined when addi-
tional fertilizer should be applied. The water, they state, 
becomes murky a few days after fertilizing, and appears 
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greenish or brown, due to plankton growth. When the 
water loses this color and becomes clear it is again time to 
add fertilizer. The interval between applications was ap-
proximately a month in the small ponds in which they car-
ried on the study. They applied the fertilizer by broadcast-
ting it in the shallow areas, mainly on the windward side 
of the pond, and found that wind and wave action dis-
tributed it. 
Hubbs and Eschmeyer (1937) recommend the addition 
of superphosphate, as well as other substances in which 
lakes may be deficient, and state their belief that as much 
as 200-500 pounds of superphosphate per acre to an unpro-
ductive lake "would not seem dangerous." At the Natchi-
toches, Louisiana, station (1936) cottonseed meal was used 
with excellent results in weekly doses of 24-40 pounds per 
acre in lakes used for raising of bass. Wunder (1935'), 
applied lime to a dry pond bottom in an acid region, and 
when the pond was refilled superphosphate was added, with 
excellent results. Juday and Schloemer (1938) in a Wis-
consin lake experimented with a variety of fertilizers over 
a period of several years. Extremely careful· records of 
physico-chemical conditions as well as of plankton prod·ttc:.. 
tion were made during the period. Their most successful 
fertilizer proved to be soybean meal, which increased plank-
ton production by from 40 '7a to 57 % , and the improved 
condition persisted into the second year without additional 
fertilization. 
Locally, in 1940, we made studies of fertilization in brood 
ponds at the City of Dallas Hatchery. Fertilizers used were 
cow manure, cottonseed meal, and soybean meal, each with 
superphosphate added in a ration of one part to four. Rate 
of application was 500 pounds per acre per season, and this 
was divided into about ten weekly doses. The ponds were 
drained and the fish removed in periods varying from eight 
to twelve and one-half weeks. In totalling the data we 
sought a unit which would give the results at a glance, and 
decided that "pounds per acre per day," meaning average 
daily increase in weight of fish on one acre would be such 
a unit. Each of the nine ponds was stocked with 20,000 
largemouthed bass fry per acre. 
FISH CULTURE 
Acres 
Control-no fertilizer ______ _______________ .77 
Control-no fertilizer ________________________ .58 
Cow manure and superphosphate _____ .71 
Soybean meal and superphosphate ___ .63 
Cottonseed meal and superphosphate .91 
Cottonseed meal and superphosphate 1.02 
Cottonseed meal and superphosphate .88 
Cottonseed meal and superphosphate .78 












Lbs. Per Acre 










Although the above experiment is not conclusive, its re-
sults were borne out in other ponds treated similarly but 
stocked with other kinds of fish. We have since fertilized 
consistently with cottonseed meal and superphosphate. We 
do not believe this mixture is better than soybean meal with 
superphosphate, but it seems to produce as good results, 
and it is less expensive locally. It may also be obtained in 
cakes, but we prefer to use the ground form, dampened to 
a thick paste. This insures quick settling and prevents loss 
caused by wind and wave action. 
Toole (1941) recommends either of these fertilizers but 
with two parts superphosphate to four of cottonseed or 
soybean meal, rather than one part to four, as we have been 
applying it. He also (1943) recommends cow, goat, or sheep 
manure, 1,500 pounds, with 200 pounds of superphosphate. 
Danger of Overfertilization 
Caution in regard to overfertilization should be observed, 
especially in hot weather. When fertilizers are added to 
water they are usually changed chemically before they are 
used by the living things in the pond or lake. Ordinarily the 
first of these changes is combination with oxygen. Unlike 
the atmosphere a body of water contains only a limited 
amount of oxygen, which is dissolved in the water. As the 
combining of the fertilizer and the oxygen goes on, the 
quantity of available oxygen in the water is reduced. This 
dissolved oxygen is as necessary to the maintenance of life 
of water animals as the oxygen of the air is to our own 
lives. Hence, too large a quantity of fertilizer at one time 
may reduce the amount of dissolved oxygen to the danger 
level. 
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This is more likely to happen in late summer, since the 
quantity of oxygen in the water at that time is lowest of 
the entire year. Indeed, oxygen deficiencies sometimes occur 
in deeper parts of lakes from entirely natural causes in 
July, August, and early September. We have records (1942) 
from our own studies at such times, an unpublished one 
indicating no measurable percentage of oxygen, others 
very low percentages, at depths of 15 to 17 feet. 
Any method of stirring the water at such a time is bene-
ficial to fish and other pond life. A wind which roughens 
the water is helpful, as it exposes more surface to the air. 
If the pond is fed by a windmill and pump, some sort of 
spray may be applied, which by forcing many small jets of 
water, instead of one large one, to pass through the air, 
results in better aeration. If the pond is large enough, a 
boat with an outboard motor mounted on it, with propeller 
half out of the water, will also aerate the water. 
Algae and other green water plants are useful here. Their 
food-making activities release gaseous oxygen into the 
water; and while some bubbles escape to the surface, much 
of it is immediately dissolved in the water and made avail-
able to animal life. It should be noted that green plants 
make food only during the hours of daylight, and at night 
they are oxygen consumers like all the rest of the living 
world. Their total effect, however, is decidedly advantage-
ous. Green plants with roots in the bottom and stems and 
leaves above the surface contribute little or no oxygen to 
the water. 
Summary on Fertilization 
(1) In all but new ponds fertilization increases the yield 
of fish. (2) Cottonseed meal or soybean meal, four parts, to 
superphosphate, one part, are recommended in quantities 
up to 500 pounds per acre per year. (3) Application of this 
should be in relatively small weekly doses, the first of which 
should be applied about two weeks before spawning. (4) In 
larger bodies of water it is more economical to fertilize only 
bays and shallows. (5) Fertilization of deep waters is not 
recommended. (6) Over-fertilization, especially during hot 
weather, may dangerously reduce the oxygen content of the 
water. 
WATER VEGETATION 
Vegetation is both a necessity and a source of danger in 
ponds and lakes. Since it is the basic source of food it is 
necessary to the very existence of other forms of life in 
the pond. Hotchkiss (1941) lists a number of benefits from 
vegetation. These include (1) cover for the fish; (2) spawn-
ing areas ; ( 3) food ; ( 4) shelter, both for fish and for the 
small animals which serve as fish food. 
As to plants being a source of danger, plants contribute 
to the filling in of the pond by sloughing of their leaves and 
other parts. Plants such as cattails, bulrushes and water-
hyacinths grow by submerged stems which reach out con-
tinually farther into the water, giving rise to upright stems 
and leaves. Very rapid growth of this kind rapidly reduces 
fishing areas. Mor-:)over, plants with large floating leaves, 
or with leaves just above the water, intercept sunlight and 
prevent algae from growing, multiplying and producing 
food. There are also some plants such as bladderwort, coon-
tail and Cabomba, which grow in great profusion com-
pletely submerged. These may become so dense as to be a 
nuisance in rowing, and obstruct the movements of fish as 
well as fishermen. 
Almost any kind of water plant may become so abundant 
as to be harmful to a pond or lake if conditions favor its 
growth and multiplication. Various methods of extermina-
tion will be mentioned later in this connection. 
Viosca (1937) describes an experiment of Barney and 
Anson in minnow production in which small ponds with 
different kinds of vegetation were stocked with equal num-
bers of minnows. The pond with all vegetation submerged 
was far the most productive as the table shows: 
Submerged vegetation ( coontail) ____________ 2,575 minnows 
No vegetation ____________________________________________ l,361 minnows 
Trailing vegetation (water primrose) ____ l,040 minnows 
Heavy surface mat (duckweeds)____________ 247 minnows 
(12) 
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Some vegetation along the shore is desirable for shading 
and to serve as a windbreak. Willows have been recom-
mended elsewhere in this study, and the buttonbush and 
elder (the latter in East Texas) make excellent growth 
along the shoreline. 
In the margins, rooted water plants with emergent 
(above the water) leaves will start naturally if they are 
not propagated by man. Viosca (1937) recommends the 
arrowheads (Sagittaria) "above all others" for this, and 
he also speaks highly of the pickerel weed (Pontederia) for 
use in waters 6 to 18 inches in depth. The cattail (Typha) 
he does not recommend, unless there are plenty of crawfish 
present to keep it under control. It is our experience that 
crawfish are not adequate to control this plant. Probably 
no plants with broad leaves which spread above the water 
are as desirable as narrow-leaved ones in such places. 
Plants with large floating leaves are harmful because 
they shade the algal growth; and we agree heartily with 
Viosca in condemning the beautiful water hyacinth as a 
serious pest which probably should never be introduced. 
The wild celery ( Vallisneria) , which is sold widely for 
household aquaria, and the various pondweeds (Potamoge-
ton) are plants which root in the bottom and have nearly 
all their leafy growth below the surface of the water. Such 
plants are valuable for their oxygen-freeing effect, and for 
cover which they may give to fish; and they serve as a sub-
strate for small water animals which constitute much of 
the fish food. Their leafy growth is not dense enough to 
have a serious shading effect upon algae. Any form, how-
ever, which grows in great profusion may need control 
measures. 
Floating masses of algae may occasionally become so 
thick as to become objectionable, but they constitute a valu-
able food source for small fish and furnish both food and 
a place to live for many microscopic water animals. 
When vegetation grows so luxuriantly that it offers too 
much shelter for minnows and young fish it may prevent 
the larger fish from foraging, thus retarding their growth. 
It sometimes becomes so dense that minnows and finger-
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lings are unable to devour mosquito larvae, thus making 
the lake a haven for mosquitoes, but not for fishermen. In 
such cases an effort to remove excessive vegetation should 
be made. 
No method of removing excessive vegetation is completely 
satisfactory, and all involve hard work, with the possible 
exception of the method of controlling water lilies, advo-
cated by Winkelman (1939). He introduced muskrats and 
let the rodents do the work. 
Smith and Swingle (1940) describe several methods of 
eliminating spatterdock or yellow water lily. They (1) cut 
it five times at approximately two-week intervals beginning 
in mid-May; (2) fertilize the area heavily at this time and 
cut the stems; then repeat the cutting three times at two-
week intervals; (3) they pulled the rootstocks, a slow and 
laborious method; and (4) they also tried various sprays, 
all of which killed the leaves, but none was effective upon 
the rootstocks. . 
The same authors (1942) have recently devised a method 
for killing by fertilization in midwinter. This, they say, 
produces a profuse growth of algae which practically covers 
the weeds, preventing light from reaching them, thus caus-
ing their death. The stems break off, and the floating mass 
undergoes slow decomposition until the middle of the sum-
mer. They caution users of the method against applying 
adrlitional fertilizer, as the decaying plants fertilize the 
lake. If fertilizer is added the oxygen supply may be re-
duced to the danger point. 
Several authors recommend blue vitriol sprays to kill 
algae when these grow in too great quantity. This must be 
handled carefully as too high a concentration of this chemi-
cal kills fish. Most of our fish can tolerate one part of copper 
sulphate (blue vitriol) to 3,000,000 parts of water, and 
most algae are killed by concentrations of one part in five to 
ten million. It will be seen that a fairly accurate knowledge 
of the volume of water in the pond or lake must be had if 
this method is to be used. Sprays of sodium arsenite have 
been recommended for control of water hyacinth and other 
weeds. 
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A Bureau of Fisheries memorandum (1934) lists many 
control methods for water plants. It suggests among me-
chanical methods (1) cutting weeds with scythes and plac-
ing them on rafts for removal from the lake; (2) the use of 
rakes for floating masses of vegetation; (3) pullwires 
dragged along the bottom to cut the soft stems of rooted 
plants; ( 4) the use of an underwater saw, many kinds of 
which have been devised. The same article suggests the 
introduction of carp to roil the water and cut down the 
amount of light. The writer of this memorandum also de-
scribes a method of eliminating cattail when it becomes 
very thick. First, the cattail is cut short; then the lake level 
is lowered and a ditch is made on the landward side of the 
roots, cutting the roots which extend toward land. The 
water is then raised until the cut plants are submerged, and 
they are killed in seven to ten days. 
In old lakes or ponds which have become choked with 
marginal weeds it is sometimes desirable to lower the level 
of the water by two or three feet, exposing much of the 
land which has previously been near the shore. If this is 
then plowed in late autumn, the furrows running parallel 
with the edge of the water, the roots and bulbs are killed 
by drying and freezing in winter. In the fall some nitro-
gen-rich plant should be planted in the area thus exposed, 
and allowed to grow until it has produced a good cover. 
The water level may then be raised to the normal. Ordi-
narily such soil is rich and a lush growth is produced, the 
decomposition of which contributes great fertility to the 
lake. Plants recommended vary for different localitjes, but 
some member of the pea family is usually best. Locally we 
recommend the hairy vetch, but one might do well to con-
sult the State agricultural experiment station for his own 
locality. It will be noted that this procedure deprives own-
ers of the lake of its normal use for practically a year, and 
much of the value of one spawning season will be lost, for 
favorable and often used spawning sites will be in the 
exposed area. 
One other method of weed control which is very effective 
in small areas was described by Lydell (1939). It consists 
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in placing strips of builders' paper over the ar.:,a to be 
freed from vegetation. The paper is sunk in the water, 
with weights used where necessary. Needless to say, the 
plants beneath the paper are almost completely shut off 
from light, and die in a short time. 
Frequent attempts are made to introduce vegetation from 
the northern and eastern states into Southwestern lakes 
and ponds. We do not recommend the introduction of a plant 
not native to an area until it has been thoroughly tried in 
experimental ponds. Either of two results is likely to occur : 
the vegetation may be poorly adapted to the new conditions 
and quickly die out; or, lacking natural enemies to keep it 
under control it makes a far more profuse growth than in 
its original surroundings and soon constitutes a nuisance. 
RECOMMENDATIONS ON VEGETATION 
A body of water is like a field in that if nothing is done 
with regard to its vegetation nature will populate it with 
plants. Many of these will be undesirable, like weeds on a 
vacant lot, or in a field allowed to lie uncultivated. 
In building a new pond, it is desirable to start some of 
the better plants in the shallows. We recommend the intro-
duction of wild celery plants,* best started from rooted cut-
tings, in water about one foot deep. If the water remains 
clear the plants will spread to greater depths. They can be 
obtained from aquarium dealers, and occur in great pro-
fusion in the headwaters of the San Marcos river. The 
plants possess an underground stem, which, with the roots 
should be placed in the mud, with the young leaves just 
above the bottom. 
Another plant to be introduced is the arrowhead. This 
can usually be found in margins and borders of other ponds 
or slow-flowing streams, and can be recognized by its three-
petaled white flower, or (one species) by its arrow-head 
shaped leaf. Other species equally good do not have the leaf 
so shaped, however. This plant is sometimes called the duck 
potato, because its tuberous roots are said to be a favorite 
food of ducks. 
A third plant worth the labor of introduction is the pond-
weed, species of which occur in ponds and streams in many 
parts of the country. One author recommends that planting 
be carried out by putting balls of wet clay around the roots 
of plants, and dropping them from a boat into the water 
of the right depth. He suggests planting two or three species 
in each clay ball. A more effective method is to get into the 
water on hands and knees and set out the plants, much as 
would be done in a garden. 
*Excellent figures of the wild celery plant and of other aquatic vege-
tation are available in Toole's 1943 paper. ( See bibliography.) 
(17) 
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In a large lake it is usually impracticable to control the 
kinds of plants growing about the entire shallow area, but 
we recommend the vegetation of desirable bays in the man-
ner suggested for a small pond. 
The pickerel-weed (Pontederia) is a useful plant in many 
East Texas lakes. The leaves and flower stalks extend above 
the water from roots in mud six to eighteen inches below 
the surface. Viosca ( 1937) recommends it as a good cover 
plant for young fish, and also states that it prevents wash-
ing of levees by breaking up waves. We have found this 
plant in small patches in ponds and lakes near Dallas, but 
it seems to make better growth in the neutral or slightly 
acid waters of East Texas. 
We do not recommend the introduction of any of the vari-
ous water lilies into fishing lakes for two reasons. The 
dense shade of the floating leaves limits algal growth; and 
the plants frequently grow so luxuriantly that they hinder 
the movements of fish and fishermen. In their behalf it may 
be said that many kinds of small animals which are excel-
lent fish food live on stems and lower sides of leaves of 
these plants. We have frequently seen fish browsing among 
water lilies, but there are other plants which make equally 
good substrates for fish food and do not have the draw-
backs of the water lilies. If one desires to put them in de-
spite these things, and is willing to do some work in con-
trolling them, they may be kept from overgrowing a lake. 
The plants which we have recommended above are desir-
able because they possess relatively narrow leaves; their un-
derwater growth is not so profuse as to retard movements 
of fish; they furnish an excellent substrate for the small 
water creatures so valuable as fish food; and they do not 
shade the water enough to prevent algal growth. Other 
plants with the same characteristics would probably be as 
good as those which we have named specifically. 
FEEDING AND SPAWNING HABITS OF SOME 
OF OUR COMMON NATIVE FISH 
In our investigations we examined the stomach contents 
of several hundred fish. Most of these fish were caught in 
Upper and Lower Ellis, and Woodvale lakes in East Texas. 
Results of our findings lead us to concur with Hubbs 
(1938) when he states that "food habits are to a large 
extent dependent upon the availability of different food 
organisms." In East Texas, for example, certain kinds of 
animal food are more plentiful than in lakes of the Dallas 
region. Accordingly, one might expect fish in East Texas to 
feed more extensively on these foods than in the Dallas 
region. Stomach analyses substantiate this prediction. The 
more information we secure on feeding habits, the more we 
are led to believe that the majority of our common fresh-
water game fish will take animal life that can be caught, 
swallowed, and is present in abundance. 
In spawning habits, temperature is a controlling factor. 
Dates given are based on normal temperature conditions 
and fluctuation in temperature are followed by changes in 
spawning time. 
Black Bass or Largemouth Bass 
[Huro salmoides (LACEPEDE)] 
The black bass or largemouth bass is one of the greatest 
predators in Texas waters. Haynes (1942) investigated the 
feeding habits of largemouth bass fingerlings in rearing 
ponds of the City of Dallas Fish Hatchery. The following 
table gives some of his results to show the relationship 
between length of the fingerling and type of food consumed: 
(19) 
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Length of fish in inches Small crustaceans Insects 
0-1.5 99.6% .4% 
1.5-2.0 98.5 % 1.5 % 
2.0-2.5 76.0% 24.0% 
2.5-3.0 52.3o/o 47.7% 
3.0-3.5 3.8 % 96.2 % 
This table shows an abrupt change in food from small 
crustaceans to insects in the diet of fingerlings varying in 
length from 2.5 inches to 3.5 inches. Haynes did not observe 
cannibalism in the bass fingerlings studied, and he at-
tributes the absence of the latter "largely to the adequate 
food supply of the hatchery ponds and the uniform growth 
of the bass in each pond." 
These findings corroborate the work of Cooper (1936), 
Tester (1932), Pearse (1921), and Moore (1922). These 
investigators all found crustaceans dominant in the diet of 
bass fingerlings. 
Many people have found that when rearing ponds are 
drained in the fall to remove and transplant the young bass 
to a lake, only a few large bass were in the pond. The only 
explanation is cannibalism or survival of the fittest. To 
avoid such high mortality in the rearing pond young bass 
should not be left in the pond for a period longer than 90-
110 days from the time of hatching. Our results at the Dal-
las hatchery show that cannibalism usually starts after that 
period, and if the small bass are transplanted to a lake 
they have a much better chance of surviving by escaping 
their own kind, as well as other natural enemies. 
An examination of the stomach contents of 168* black 
bass ranging in length from six to sixteen inches revealed 
the following kinds of food consumed: 
Small crustaceans Grasshoppers 






Various kinds of minnows 
Shad 
Fingerling bass 
Members of Sunfish group 
Bullhead (4" in 14" bass) 
Wild rice 
*Of this number, forty-two stomachs were empty. 
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Stomachs of bass ranging from six to ten inches in length 
contained more of the smaller animals such as "blood-
worms," phantom larvae, and crustaceans, than were found 
in the larger bass. In one 13-inch bass caught in Lower 
Lake Ellis the stomach was crammed with wild rice that 
grew abundantly in parts of this lake. This we believe a 
rather unusual record, but it, lends support to our belief 
that many carnivorous game fish have no fixed diet but 
take food available in quantities, even though some of it 
may be plant life. 
Bass caught in the two Ellis lakes had consumed more 
"bloodworms" and phantom larvae than the bass examined 
from Woodvale lake. The population of these larvae is much 
greater in Ellis lakes than in W oodvale and consequently, 
we again conclude that prevalence of a given food is a 
most important factor in feeding habits. 
Spawning boxes about three feet square may be built 
of 1" x 12" pine or other suitable materials. An old number 
three washtub with holes punched in the bottom also makes 
a good nest. Fill the box or tub to within four inches of 
the top with one-half to one and one-half inch gravel and 
place in water three to three and one-half feet deep. If 
containers are not available the desired amount of gravel 
may be piled on the lake or pond floor with the center of the 
pile at least eight inches deep. Bass will spawn on a hard 
dirt bottom or among submerged plant roots if better 
materials are not provided. 
If brood ponds are used, a pen six feet square may be 
constructed at the margin of the pond, placing a pair of 
fish in the pen during the first two weeks of February. The 
pen can be constructed the same as for catfish. The adult 
bass can be easily removed after spawning thereby reduc-
ing loss from cannibalism by parents of young. The female 
should be removed from the pen as soon as spawning is 
completed to prevent the male from killing her and destroy-
ing the nest. If temperature is favorable eggs will hatch in 
from three to six days. The young fish remain in the nest 
from three to five days until the yolk sac is absorbed, and 
then swim about in a close school. After the school is broken 
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and the fry swim out of the pen into the pond the male may 
be removed. 
During the egg and egg-sac period the male guards and 
fans the nest to maintain a constant flow of water and 
oxygen about the eggs and young. Spawning season for 
the bass is from March to July in temperatures of at least 
60°F. These fish pay little or no ·attention to the two 
months' spawning season set aside by the Game Commis-
sion, but wait for suitable water temperatures to start 
nesting. 
Spawning and food habits of the spotted bass are similar 
to those of the largemouth. The spotted bass may be dis-
tinguished from the largemouth, not only by jaw-angle in 
relation to eye (Fig. 3-A and B), but by a series of black 
dots arranged on the sides from the pectoral to tail fins; 
scales are also present between the rays of dorsal and anal 
fins. 
Crappie 
The white crappie [Pomoxis annularis (Raf.)] thrives 
in lakes of the black-land belt. It is generally conceded that 
murky water of this section is more favorable to this species 
than the clearer waters of East Texas, and reports on stock-
ing by some fishermen seem to bear out this point. How-
ever, we have made stomach analyses on white crappie 
caught in East Texas that were just as large and fat as 
those observed near Dallas. 
The stomach contents of 42 white crappie which ranged 
in size from five inches to one foot have been examined. 
Eighteen stomachs were empty; in the remainder, phantom 
larvae and "bloodworms" predominated. Kuhne (1939) 
states that "insects and plankton crustaceans almost ex-
clusively compose the food of the young fish. As they grow 
larger, crappies consume small fish in greater abundance 
though never to the exclusion of other foods." Only six of 
the stomachs we examined contained fish, which included 
minnows, sunfish, and shad. Wickliff and Trautman (1935) 
state that the "gizzard shad appears to be one of the princi-
pal foods of this species in our reservoirs." Ellis and Wood-
vale lakes abound in shad; hence we were rather surprised 
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to find only a few of these animals in the stomachs ex-
amined. 
Since our examinations included only the larger run of 
crappie we must rely on such workers as Nurnberger 
( 1930) for his stomach analyses of crappie ranging from 
one to three inches. He reports that crustaceans and "blood-
worms" predominate as food. "In the smaller crappie, crus-
tacea predominated and in the three-inch specimens 'blood-
worms' dominated." 
Our observations show that the feeding habits of the 
black crappie [Pomoxis nigro-rnaculatus (LESUEUR)] and 
white crappie are about the same. Stomachs of 36 black 
crappie were examined, of which six were empty. These fish 
ranged in size from seven to eleven inches. Their food was 
found to be similar to that of the white crappie. Pearse 
(1919), working in Wisconsin lakes, found the black crap-
pie's chief food items in the spring are small crustaceans. 
In summer, he states that they feed largely on insect larvae, 
pupae, adults and water-fleas, and that they feed more 
actively at night or in the early morning and evening. 
The majority of fish we examined were caught during 
summer, fall and early winter months. In summer and fall 
we have found large numbers of "bloodworms" and phan-
tom larvae in dredgings. There seems to be a parallel be-
tween the appearance of these bottom organisms in large 
quantity and the consumption of the same organisms by 
the majority of the fish examined. Other foods such as 
minnows, shad and crustaceans were plentiful; but these 
fish of all sizes consume large quantities of bottom or-
ganisms. 
The nests the male black crappie builds are similar to 
those of the bass and other sunfish. Nests similar to those 
described for the black bass may be constructed and placed 
in three to seven feet of water. The white crappie usually 
selects its nesting site near brush or old stumps. Brush 
piles are also useful in crappie ponds, for nesting, protec-
tion and feeding areas for both young and adults. The brush 
piles should be made of black willows when possible or 
shrubs that grow in lowlands. Avoid wood such as oak and 
24 FISH CULTURE 
other trees that have a high acid content. Cut the willows 
in twelve to fifteen-foot lengths and tie in square piles three 
to four feet thick. These piles should be sunk in five to 
seven feet of water. The spawning season usually extends 
from March through May. 
Warmouth Bass or Goggle-Eye 
[Chaenobryttus gulosus (CUVIER)] 
The stomach contents of 31 goggle-eye varying in length 
from four to six inches were examined. Chief animal food 
items were small crustaceans, insect larvae, snails, min-
nows, shad and fingerling bass. In three fish we found plant 
seeds and a few bladders of the bladderwort. Pearse (1921) 
found in a Wisconsin lake that the young feed mainly on 
microscopic crustacea, worms, snails, small insects and 
larvae, while adults feed primarily on crawfish and fish if 
they are abundant. 
We can summarize our findings by saying that the adult 
goggle-eye in the three East Texas lakes mentioned, have 
food habits similar to those of the largemouth bass. 
Spawning occurs from April to July, and the nests are 
usually constructed in gravel in water from one to three 
or four feet deep. They seem to prefer nest sites in pro-
tected areas. We have also observed nests constructed on 
hard dirt bottoms, amongst willow roots. 
Bluegill [Lepomis macrochirus (GUNTHER)] 
The stomach contents of 68 bluegill have been examined 
and of this number 15 were empty. No other kind of fish 
studied by us shows a greater variety of food consumed. 
Viosca (1937) states that these fish are "omnivorous and 
thrive even upon the fallen blossoms of trees, such as haws 
and catalpa, which grow at the water's edge." This state-
ment in light of our experience is not too broad, and from 
our findings we might add that the bluegill feeds on most 
natural small food, plant or animal, that occurs in great 
abundance. 
Thirty-five stomachs examined contained "bloodworrris," 
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phantom larvae, and tube-building worms ( Tubificidae )-
the "bloodworms" predominating. The remaining 18 stom-
achs contained foods varying from small crustaceans, adult 
and immature insects to algae and plant seeds. It is inter-
esting to note that 46 of the 53 stomachs with food had 
some form of vegetation present. In three specimens caught 
in the same area the stomachs were filled with the small 
bladders of the bladderwort plant ( Utricularia). Since this 
plant captures small water animals it may be that the blue-
gill derived both plant as well as animal food in its con-
sumption. In Lower Ellis Lake the bladderwort grows so 
densely in the summer that it impedes the progress of a 
boat in several parts of the lake. 
Pearse (1921), in his study of a Wisconsin lake, found 
over 30 % of the bluegills' diet composed of insect larvae 
and nearly 25o/o of plant life. Wickliff and Trautman (1935) 
found that this fish feeds on small crustacea, aquatic insects 
and vegetation. Forbes and Richardson (1908) found a 
trace of fishes, some snails and about 45 o/o insects in the 
stomachs of this species. These investigators also state that 
the bluegill "eats more large insects than any other sun-
fish." 
Since this fish eats a wide variety of foods, it is one of 
the most adaptable pan fish that thrives in Texas waters. 
The bluegill usually do not start spawning until April 
and May and continue until late in August or early Sep-
tember. The nests are built in varying conditions, ranging 
from open sandy shoals to densely vegetated areas. The 
nests are from one-half to two feet in diameter and usually 
built in from one-half to four feet of water. It is not un-
usual to see several nests clustered together with the males 
busily fanning and protecting the eggs and fry. The bluegill 
is by nature a pond-loving fish and is therefore easily 
propagated. 
Red-Ear Sunfish [Lepomis microlophus (GUNTHER)] 
In our opinion this is the "gamiest" fish of the sunfish 
tribe and from the standpoint of sport is highly desired by 
most fishermen. 
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Twenty-seven stomachs were examined in which "blood-
worms" and phantom larvae dominated the food consumed. 
Two stomachs contained minnows, and 15 of the 23 stom-
achs with food had traces of vegetation, probably algae. 
Other items consisted of crustaceans (mostly water-fleas), 
a few snails, and tube-dwelling worms. 
The red-ear sunfish generally spawns from April to Sep-
tember over hard dirt, sand or gravel bottoms. The males 
(as in other members of the sunfish family) fan and pro-
tect the eggs and fry. The red-ear sunfish apparently does 
not lay as many eggs for its size as do other members of the 
group. It serves as an excellent combination fish with the 
bass and crappie. 
Small-Mouth Buffalo [Ictiobus bubalus Raf.]* 
Since most of our rough fish such as carp, buffalo and 
quillback are said by most fishermen to have scavenger 
habits, many people are not interested in them as food. In 
our opinion scavenger habits of these fish remain to be 
proved. Using the same line of reasoning these people 
should also shun chicken and pork. We believe that rough 
fish could be used to advantage at any time, especially dur-
ing the war when a meat shortage exists and will likely 
continue to exist for the duration. Carp have been success-
fully farmed for home consumption and the market in 
Europe and the Orient for many years, and similar cultural 
practices can be used in our country. Therefore, we feel 
that this justifies the following discussion of the buffalo 
fish whose general habits are similar to the carp, and, a 
cultural practice suitable to one applies equally well to the 
other. 
According to Cranfield (1922) buffalo fish are stocked in 
a ratio of three males to one female of four to five pounds 
each, to the acre of water. The raised spots, or tubercles, 
that appear on the head of the males at spawning time 
(usually during February, March, and April) are generally 
all that is ne~essary to indicate sex. When the brood fish 
*The following discussion is applicable to other rough fish, such as 
carp and quillback. 
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are placed in the ponds during other periods the males and 
females look very much alil.rn b_Qt can be differentiated sev-
eral weeks prior to spawning, since the vent of the female 
becomes reddened and swollen at this time. 
The pond should be about one-quarter full of water when 
the brood fish are introduced. It should then be filled to 
about two-thirds its maximum depth. Spawning activities 
are indicated by the splashing movements of fish in shallows 
amongst vegetation and other submerged objects. During 
this period the pond should be gradually filled to overflow-
ing. These rises correspond to the spring floods of rivers 
during which time the bulk of the spawning takes place. 
This artifical rise should be timed with the rising tempera-
tures of the water. Spawning begins when the water tem-
perature is from 60°F. to 62°F. It is well to start the rise 
in the pond when the water is 56°F. to 58°F. and prolong 
it over a period of ten to fifteen days. Buffalo fish spawn 
after they are four years of age. 
Nests are not prepared by either sex, the eggs being ex-
pelled and fertilized during the splashing. The eggs adhere 
to grasses, brush and debris with some sinking to the bot-
tom. Under favorable temperatures the eggs "eye" in three 
to four days and hatch in nine to ten days. The fry rise im-
mediately toward the surface and the yolk sac is absorbed 
in about three days. As the buffalo are not cannibalistic, 
it is not necessary to separate the old from the young fish. 
Buffalo fish may be fed daily by broadcasting corn, wheat, 
barley, oats, soybean meal, cotton seed meal, meat scraps 
and ground vegetables over the shallow areas. It is more 
economical and makes healthier fish to feed only such quan-
tities of food as will be consumed in twelve hours. 
Feeding occurs during a long period extending into cold 
weather. A good rate of growth is dependent upon the 
quantity of wholesome food available and lack of crowding. 
Approximately 1,000 per acre are recommended for stock-
ing in order to secure a profitable harvest. From available 
information on the subject, it is estimated that buffalo fish 
under reasonably favorable food conditions increase in 
weight from one to one and one-half pounds per year. 
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Channel Catfish [lctalurus lacustris punctatus (Raf.)] 
Stomach examinations were made on eight channel cat 
ranging in weight from one and one-half to six pounds. The 
stomachs of two were empty. Food items consisted of craw-
fish, larger aquatic insects (most of which were dragonfly 
nymphs), vegetation and a few fish. One stomach contained 
a small mudcat and another a sunfish. Vegetation was pres-
ent in small amounts in three of the fish examined. This 
may have been consumed in the acts of swallowing insects 
clinging to vegetation. Wickliff (1937) examined 61 stom-
achs of young channel cat that averaged two inches in 
length, and found their food largely insects, mollusks and 
small fish. These fish were caught in Lake Erie. 
This fish spawns from April to September. Spawning de-
vices in the pond or lake should consist of tile, nail kegs or 
milk cans. In hatcheries the following technique is em-
ployed: a pen six feet by six feet is constructed in the shal-
low margins of the pond. The materials best suited are one-
inch hardware cloth, one-inch chicken-mesh wire or slats 
spaced not more than one inch apart. Sides should be driven 
six inches or more into the pond bottom and extend as 
much above the water surface. An old ten-gallon milk can, 
a piece of fifteen- or eighteen-inch tile pipe or a nail keg 
is placed in the pen in two or three feet of water. If an old 
milk can is used a small hole must be punched on the top 
side to permit all air to escape, insuring a full can of water. 
Tile should have one end buried in the bank, the other end 
facing the center of the pond. The nail keg must be anchored 
to prevent floating. Place one pair of channel catfish in the 
pen in April and keep them well fed on beef heart or beef 
liver, never pork. When the fry swim out of the pen into the 
pond, the adult fish may be moved to another pond or left 
in the pen; if left in the pen, food will have to be supplied. 
When the channel catfish is about ready to spawn the 
female's abdomen becomes heavy due to the bulk of eggs. 
The male is slender and sl:ows ho sign of swelling. The out-
side reproductive organs are surprisingly small and do not 
become enlarged at spawning time as is the case with many 
other fish. 
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There is a more definite method of determining sex, how-
ever, than observing body. shape. Both male and female have 
a double vent, the reproductive one located just back of the 
anus. This vent opens in a flap of flesh pointing backward. 
In the male the vent is located near the tip of this flap and 
is almost circular in outline. The egg vent of the female is 
oval and is located about midway between the tip of the 
flap and its attachment to the body. By comparing body 
shape and vent openings, one may with a little practice, be 
fairly certain of the sex of the brood fish. 
Blue Catfish 
[lctalurus furcatus (CUVIER and VALENCIENNES)] 
We have records on five blue catfish that ranged in size 
from three to fourteen pounds. The stomach of one con-
tained a ball of duck feathers plus the gizzard of the bird. 
What condition the duck was in when consumed could not 
be determined. The stomach of a ten-pound blue cat con-
tained a three and one-half inch musk turtle (Sternotherus 
odoratus) intact. The other food consisted of fish and in-
cluded one four-inch bullhead. All five stomachs contained 
vegetation of the coarser type in addition to muck from 
either the marginal zones or lake bottom. 
Black Bullhead or Chughead Catfish 
[Ameiurus melas (Raf.)] 
The yellow bullhead [Ameiurus natalis (LE SUEUR)] as 
well as the black bullhead occurs abundantly in Ellis and 
Woodvale lakes. It has been our experience that most fisher-
men are not interested in these fish as food. This attitude is 
probably due to the prevailing notion that they are scaven-
gers and consequently dirty feeders. Our results, however, 
show them to be as clean in feeding habits as most other 
fish, even though they may be classed as bottom feeders. 
We have records from the stomachs of 97 bullheads of 
both the yellow and black species. Food items listed in order 
of abundance are as follows: insect larvae (mostly "blood-
worms" and phantom larvae), dragonfly and damselfly 
nymphs, tubificid worms, other insects, vegetation (algae, 
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bladderwort, wild rice seed and other plant seed), crawfish, 
minnows, and a few snails and small clams. 
Pearse (1921) found that the diet of the yellow bullhead 
in a Wisconsin lake consisted of approximately one-third 
fish and one-third insects. The same writer (1918) found 
that the black bullhead's diet is composed of 45.1 % insects 
(mostly larvae) and 21.4 7a tube-dwelling worms. He also 
states that the young bullheads eat more worms than the 
older ones. 
Forbes and Richardson (1908) state that approximately 
one-fourth of the bullhead's food is plant life and one-fifth 
clams, snails, insects, crawfish and other crustaceans. Raney 
and Webster (1939) examined the stomachs of 170 young 
bullheads ranging in length from one-half to two inches. 
The staple food consisted of crustacea and "bloodworms." 
From these records it appears that this fish feeds on a 
wide variety of plant and animal life. It thrives in most 
bodies of water, is tolerant of conditions that would kill 
many scaly fish, and its meat is tasty and is rich in oils. 
The black bullhead usually spawns from April to late in 
the summer. Nests are made in six inches to four feet of 
water, temperatures of from 65°F. to 85°F. are essential. 
The bullheads choose for nesting such locations as old tin 
cans, buckets, drain tile, spaces beneath logs, stumps, hol-
low logs and roots of aquatic plants. These places are 
cleaned and improved by the male. Materials for nest con-
struction may consist of boards six to eight inches wide 
and two to three feet long driven into the bank of the pond. 
These boards should be placed at various depths of from 
six inches to four feet and not more than one inch off the 
bottom. The male will hollow out a nest in the bottom of 
the pond under these boards. Both parents at first remain 
with the newly laid eggs but in a day or two the female 
leaves and only the male remains. He swims with the 
closely packed school of very black fry until they are ap-
proximately one and one-half inches in length. At this time 
they break school and forage for themselves. Spawning 
habits of the yellow bullhead are similar to those of the 
black bullhead. 
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Grinde!, Bowfin or Dogfish [Amia calva (LINNAEUS)] 
Two grindels weighing 11 and 14 pounds respectively 
were caught in Lower Ellis lake on a trot-line. The stomachs 
of both contained fish. Two crappie, one five inches and the 
other six inches long were removed from the 14-pound 
grindel. The stomach of the other contained two shad and 
one small crappie. 
Kuehne (1939) states that the bowfin is "credited with 
being a serious predator" but it is also a scavenger and may 
perform some useful function in this regard. He also says 
that the flesh is "quite wholesome and edible. Wider con-
sumption is to be desired for this species .... " 
If fishermen could be educated to this line of thought the 
grindel would have definite value, but unless the flesh is 
used it seems that such fish probably do more harm than 
good in a lake. 
UTILIZATION OF BAYS IN LAKES AS 
SPAWNING AND REARING AREAS 
A plan we have found very beneficial to lakes of some 
size ( especially where brood ponds are inadequate or lack-
ing) is to set aside one or more shallow bays or inlets, and 
provide these with spawning devices. The area chosen 
should be well fertilized, and fishing should not be carried 
on in it. Such a place becomes in most essentials the equiva-
lent of brood and rearing ponds. 
One advantage of this method is that it eliminates the 
necessity of handling the young fish, some of which are 
always lost in the transfer from rearing pond to lake. 
Another is that it makes for an intensive use of the shal-
lows, which are the principal brood areas in the lake. A 
disadvantage is that it is not possible to count the young 
fish which are produced. 
This plan has been used at the Ellis lakes in East Texas 
with success. It has required some sacrifice on the part of 
members of the club who have found some of their favorite 
fishing spots closed to them. They have accepted this re-
striction cheerfully, however, realizing that it promises 
better fishing over the years. 
(32) 
RAISING FOOD FOR THE FISH 
In a lake or pond it is highly desirable to condition the 
water so that there will always be adequate food for all 
stages in the life cycle of a fish. If this is done, it will not 
be necessary to supplement the food supply with living 
organisms grown in accessory ponds. Many ponds and 
lakes, however, fail to maintain an adequate food supply, 
and in such cases it is well to feed them with animals that 
have been reared in concentrated l! ... mbers in small ponds. 
Since it may be desirable occasionally to add to the 
natural food supply in ponds and lakes, we have selected 
a few animals easily cultivated for these purposes, and have 
given techniques successfully used in their culture. It is our 
opinion, however, that in lakes having bell balanced, f ertili-
ized bays or shallow ponds, the use of supplementary ponds 
is not necessary. 
The "Bloodworm," [ Chironomus] 
Stomach analyses of young and adult largemouth bass, 
crappie, bluegill, channel cat, and several other kinds of 
fish show these animals fond of "bloodworms" (which are 
not true worms at all, but the worm-like stage of a two-
winged mosquito-like insect). "Bloodworms" live in their 
self made tubes in the pond or lake floor. Although we have 
found them more abundant in the muck and mud floors they 
also occur in sandy floors ( as revealed by dredgings in 
Little Sandy Lake in East Texas). Sadler (1935) found 
that they feed on a variety of substances, but especially on 
algae. These algae may be made more abundant by the 
action of fertilizer. In the fertilized bays of Ellis and Wood-
vale lakes, dredgings showed a pronounced increased yield 
of "bloodworms" over the numbers present in non-fertilized 
(33) 
34 FISH CULTURE 
areas of the lakes. Repeated treatment with cottonseed meal 
and superphosphates increased their number. The propa-
gation of this food organism is important because it can 
be reared so easily in Texas waters and is eagerly devoured 
particularly by the young stages of game fish. 
As stated by Sadler (1935) the "bloodworm" lends itself 
easily to propagation because the females lay an average 
of 2,300 eggs, which hatch in about three days, at summer 
temperatures. The worm-like stage attains a size sufficiently 
large to be used for feeding purposes in sixteen to twenty 
days. They can be reared on plant products, and since there 
are at least four generations per year with overlapping 
cycles, a rather constant supply of "bloodworms" is assured. 
To rear these animals for supplementary food, a small 
pond of a depth not exceeding eighteen inches may be used. 
Soybean meal or sheep manure and superphosphate can be 
used as fertilizer. If the pond has a capacity of approxi-
mately 200 cubic feet, the best results can probably be 
obtained by using two and one-half quarts of soybean fertil-
izer during a period of from twenty to thirty days. The 
initial dose should be about one and one-half quarts, and 
the remaining quart applied after the green color ( due to 
the presence of microscopic algae) disappears. This usually 
takes about ten to fifteen days after the initial treatment. 
At the end of the twenty- to thirty-day period, the crop of 
"bloodworms" can be harvested and the rearing process 
repeated. The first treatment can be given either in April 
or May. 
If sheep manure and superphosphates are used in combi-
nation, they should be applied in quantities of four parts of 
manure to one part of superphosphates. The total amount 
used should be approximately the same as that of soybean 
meal. Sadler (1935), however, found that soybean meal is 
cheaper and more effective than the other combination. 
In this type of natural spawning, the fertilized pond is 
supplied with eggs laid by adult insects attracted to it. In 
East Texas we know the supply of this insect is so plentiful 
that it assures the success of the rearing pond if properly 
fertilized. 
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The Phantom Larva of Corethra [Chaoborus] 
One of the most abundant small animals found in the 
stomachs of our p-ame fish is the little whitish, almost trans-
parent, worm-Lke form that lives associated with the 
"bloodworms" in the lake floor. The adult of this form is a 
mosquito, but it does not suck blood. The larvae which are 
about one-half inch long may be recognized in the field by 
a pair of dark spots at each end of the whitish body. They 
feed largely on little crustaceans and wheel animals called 
rotifers. 
It appears from our observations that any rich zone in 
the lake floor in which "bloodworms" abound also supports 
phantom larvae. According to our dredging results in East 
Texas lakes, they may be on the average ten times as abun-
dant as the "bloodworms." In one dredging of Upper Lake 
~,, Ellis, 1,647 phantom larvae were counted from an area of 
lake floor covering 81 square inches. At night they may 
migrate from the lake floor to the upper levels of water. 
On one occasion in Upper Ellis Lake, net samples of water 
at six-foot intervals and run two hours apart from 8 :00 
p.m. to 6 :00 a.m., revealed an abundance of these larvae 
in the upper levels around 2 :00 a.m. Undoubtedly the migra-
tion of these little creatures is accompanied by engorge-
ment on the part of many game fish. 
An open spawning pond for "bloodworms" or Daphnia 
will attract the adult stages of these animals and in the 
recovery of Daphnia or "bloodworms" for fish food when 
the pond is drained or seined should not be ignored, but fed 
to fish along with the other associated organi$mS. 
Since many insects are attracted to light at night, this 
method has sometimes been used in the supplemental feed-
ing of fish. Lights have been stretched across lake shallows 
where fish feed, and many of the insects thus attracted drop 
into the water where they are devoured by fish. It would 
seem that in a well managed lake this source of food would 
not justify the expense involved. 
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The Water-Flea, Daphnia 
In the late winter or early spring in Texas lakes and 
ponds, shallows may fairly teem with the little, brownish 
waterfleas. They make a rich food item for fingerling game-
fishes. If the shallow water has been fertilized they occur 
in much greater numbers than in unfertilized areas. 
Embody and Sadler (1934) give the following schedul~ 
of operations which, with certain modifications, can b, 
used in a small shallow pond in rearing Daphnia. 
1. The pond should be drained, cleaned and allowed to 
sun for at least two days. 
2. The pond should then be filled with water, fertilized 
and stocked with large Daphnia (Daphnia magna). 
3. The seconq dose of fertilizer should be added the fiftl 
to seventh d-ay. ,? 
4. The thir~ fertilization should come between the ten 
to the fourteenth day after initial treatment. 
5. The pond should be drained and Daphnia rernov< 
in approximately twenty-one to thirty days after i 
establishment. 
Their table gives the amount of fertilizer to be used p, 
100 cubic feet of water: 
Fertilizer Soy Bean Cotton Seed Sheep Manure and 
Meal Meal Soy Bean Meal 
Initial dose ______ 1 pint 1 quart 4 quarts sheep manu~, 
1 quart S. B. M. 
Second dose _____ 5th day 7th day 
1 pint 1.5 pint 14th day, ½ pint S.B.M. 
Third dose _______ 10th day 14th day 
1 pint 1.5 pint 
Fourth dose _____ 15th day 
½ pint 
As to the proper number of breeder Daphnia to be inL. 
duced in the pond, Embody and Sadler (1934) found t· 
about one-fifth pint of organisms per 200 cubic fef 
water is adequate. These may be measured by pot 
water containing Daphnia into a glass jar of known cap~ 
ity. The animals soon settle to the bottom and the quantity 
can then be determined with ease. The stock should corr 
from an active culture. 
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Freshwater Shrimp, Palaemonetes 
It appears, from our investigations, that freshwater 
shrimp occur more abundantly in alkaline lakes than in the 
acid or neutral lakes of East Texas. This species resembles 
externally the edible salt water shrimp, but seldom reaches 
a length beyond two inches. This crustacean prefers rich 
vegetation zones in shallow waters. During the months of 
April and May this animal has been observed in great abun-
dance in White Rock Lake, near Dallas, and in smaller 
numbers in Ellis and W oodvale lakes. It seems logical to 
infer that the use of fertilizer should increase shrimp pro-
duction, as in Daphnia; but to our knowledge no culture 
techniques for this animal have been worked out. Such 
techniques are highly desirable, since the freshwater shrimp 
(because of its size and reproductive capacity) is one of 
our best fish foods. 
Crawfish 
The propagation of crawfish in small ponds for use as 
fish food and bass and channel cat bait could probably be 
developed into a profitable enterprise. Soft-shells are always 
in demand during the fishing season, and the dealers in live 
bait would always welcome new sources of supply. 
We know that these animals have scavenger food habits, 
although they do consume living animals and plants. Exten-
sive stomach analyses, together with information on their 
general habits in this section are needed before conclusions 
can be drawn on the best kind.s to propagate in ponds. There 
are certain burrowing forms which (because of their ex-
tensive tunneling) might do more harm than good in a 
pond. Langlois (1935) finds that one of our western craw-
fish ( Cambarus rusticus) makes a fine species for pond 
propagation. 
Since the crawfish is covered with a shell, this shell must 
break open (the process known as moulting) before growth 
can occur. The crawfish moults many times during its life 
and after each moult it is then in a soft-shell state until the 
shell hardens. The rate of growth varies according to tem-
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water. Those living in warmer waters moult into the soft-
shell stage before those in cold, spring-fed ponds. A method 
of by-passing the cold water around a spring-fed pond would 
allow the pond to warm, and a crop of soft-shells to be pro-
duced for the market at a time when soft-shells are not 
available in most waters. This is a suggested possibility of 
providing desirable soft-shell crawfish bait over a longer 
period of time. 
Since growth is directly dependent upon the amount of 
food consumed, the more food they eat, the more frequent 
the moulting. In a pond where the crawfish are well fed 
(all kinds of meat scraps, rabbits, etc.) one finds animals in 
the process of moulting ("peelers"), hard-shells, and soft-
shells. Turner (1926) found that hard-shells prey upon 
peelers and soft-shells. The soft-shells seek shelter or pro-
tection. Rows of cans along the shore just below the water 
surface into which the soft-shells can crawl will protect 
them from such predation. 
Many crawfish mate in the fall and discharge their eggs 
when the water warms in the spring. The eggs are glued to 
the appendages below the abdomen. They hatch in that 
position and the young eventually fall off or are cast off 
when the mother moults. One of our common crawfish 
( Cambarus bartoni) mates and spawns the year around. 
Minnows 
If the water supply is available every fishing lake should 
have nearby a minnow pond built according to the specifica-
tions given on pages 58 and 79. Our experience shows that 
most members of club-owned lakes purchase their bait sup-
ply outside club property. We believe this to be a mistake. 
A minnow pond is easily constructed if the water supply 
is available, and serves a two-fold purpose: (1) as a source 
of forage fish to replenish the lake stock at intervals; (2) 
as a bait source for the club members. The propagation of 
minnows on club property also reduces mortality of live 
bait in transportation. Most minnows bought outside club 
property are kept by the dealers in cold-water troughs. 
During hot weather the change from cold to warm water is 
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so abrupt that in spite of adequate aeration death occurs 
en route, and much fishing time is lost in conditioning min-
nows to lake water after the fisherman arrives at his desti-
nation. 
Since minnows and crawfish are constantly in demand 
during the fishing season, many a farmer whose land is 
adaptable to pond construction could raise these animals 
and add another profitable crop to his tangible assets. Sale 
could be made either directly to the fishermen or they may 
be wholesaled to dealers in live bait. A well managed one-
acre pond would probably yield more cash return than any 
other acre on the farm. 
Golden 'Shiner 
This is one of the best forage and bait minnows. It is 
widely distributed throughout the country and thrives in 
Texas lakes. The larger golden shiners are known as 
"roach" by many fishermen, and they may reach a length 
of ten inches. Females grow faster than males, and attain 
a larger size; and may live as long as eight years. Accord-
ing to Radcliffe (1931), young roach feed principally on 
minute crustaceans and algae. The adults feed largely on 
algae or other vegetable material. Sibley (1929) reports 
that large individuals feed mainly on algae. The few stom-
ach analyses we have made on this species in Texas waters 
give results in agreement with the findings of Radcliffe. 
Cassidy, Dobkin, and Wetzel (1930), on the other hand, 
found that this species feeds almost entirely on plankton. 
Since vegetation constitutes the chief source of food for 
the adult golden shiner, it is not so much of a competitor 
with the game fish for animal food. This is a natural ad-
vantage in lakes since more animal food is available for 
the game fish. However, caution should be used in introduc-
ing golden shiners in small ponds. Experiences reported by 
Mr. Burr of the Texas Game Department seemed to show 
that when shiners were introduced in a bass pond, the 
young bass were devoured by the shiners. A similar experi-
ence was recorded from the Dwight Lydell hatchery in 
Michigan. A large lake would have less concentration of 
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shiners and more avenues for escape for the young game 
fish; so caution in the use of golden shiners is more neces-
sary with small ponds. 
Hubbs and Eschmeyer (1937) report that eggs of golden 
shiners are usually deposited in filamentous algae. Hence 
fertilization, which stimulates algal growth, brings on the 
proper materials for spawning and also food for the shiners. 
Brood stock four inches or larger should be used at the 
rate of 1,000 per acre of water. Since this fish is more 
difficult than other minnows to transport during hot 
weather, it is best to transplant them in the fall . 
. Black-head or Fat-head Minnow 
According to Davis and Wiebe (1930), this fish can be 
successfully used in pond fish culture. It is a bottom-feeder 
and "feeds largely on algae, the animal food being pro-
portionately less abundant than that derived from plants" 
says Coyle (1930). 
One advantage in using this minnow is its long breed-
ing season which extends throughout spring and summer 
months. The eggs are laid on the undersurface of boards, 
rocks, lily pads, and other objects, and are guarded by the 
male. Spawning facilities should be provided such as broken 
pieces of tile, or boards six to eight inches wide and two to 
three feet long, stuck into the banks of the lake or pond 
several inches below the water-line. 
Blunt-nosed Minnow 
The spawning habits of this minnow are similar to those 
of the black-head, and spawning facilities for the one also 
serve for the other. Observations at the City of Dallas Fish 
Hatchery show that spawning occurs from the middle of 
May through July. This, of course, is largely determined by 
prevailing temperatures. 
Kraatz ( 1928) in his study on .the food of 315 Ohio indi-
viduals found that this species eats microscopic plants, 
small crustaceans and aquatic insects in approximately 
equal amounts. Because of its food habits it does not com-
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pete to a large extent with the larger game fish in the 
struggle for food. 
The value of this minnow for bait and as a forage fish 
is indicated by Cooper (1936) who reports a production of 
104,800 fish or 250 pounds per acre. Hubbs and Cooper 
(1936) consider this fish a rival of the golden shiner as a 
forage minnow for game fishes in Michigan. As it occurs 
abundantly in Texas waters its value in our section should 
equal that in the northern states. Brood stock can be seined 
from most streams and lakes in this area. One thousand 
fully matured brood minnows will stock a one-acre pond. 
Some investigators point out that in bass ponds the brood 
stock of this minnow are difficult to maintain. The hungry 
bass devour the brood minnows as well as the young ones. 
For this reason they recommend it for lakes producing 
crappie, but not for bass lakes. We believe that further 
studies are necessary before this view is accepted. We know 
it is a prolific producer from Davis and Wiebe's (1930) re-
port of 356 pounds (215,000 fish) of black-head minnows 
per acre during a five-month period. These investigators 
also reported an approximate production of 300 pounds 
(250,000) of golden shiners during a similar period. 
Gizzard Shad 
We share the belief with others that this fish constitutes 
the best natural fish food for lakes in Texas and many other 
parts of the country. Their food consists of microscopic 
plants and animals which they strain out of the water. In 
the food cycle (Fig. 1) it is interesting to note that the shad 
serves as a short cut between microscopic plants and legal-
size bass. The shad feeds on algae and the bass in turn 
takes the shad. 
Those who have caught shad in a seine realize how sensi-
tive they are to handling. Soon after being caught and 
landed, the majority die, so transportation from one place 
to another is a serious problem. However, they propagate 
rapidly in alkaline lakes and those of East Texas. The 
young shad are eagerly devoured by bass and crappie. 
Breeding stock is always assured in the lake; they reach 
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such a large size, and the body is so deep in proportion to 
length that even the largest bass cannot swallow the big 
breeders. 
Every lake in the state should have its full quota of giz-
zard shad. Because of its feeding habits, one can easily 
understand why fertilizers that bring on the algae would 
stimulate the growth of bass through the gizzard shad link 
in the food chain. 
Orange Spotted Sunfish 
Viosca (1937) states that this fish (which seldom grows 
longer than four inches) has proved satisfactory as a forage 
fish. Just how well it would do in impounded waters of 
East Texas and the blackland belt is not fully known. It 
would compete for food with the fingerling game-fish since 
its diet consists largely of small crustaceans, worms and 
other small animal forms. More information should be 
secured on its adaptability to the various types of water in 
Texas before it can be wholeheartedly endorsed as an excel-
lent forage fish. 
Other Kinds of Minnows 
Many fishermen pref1r,:i;:s.~ub or steelbacks, red-horse min-
nows, or others as bait. :M:ost of these are rapid stream 
species and there they reach their maximum abundance. 
It is true they are highly attractive as food to the bass 
and crappie, but on the other hand they are mainly animal 
feeders and compete for food with small game fish. Unless 
a stream near the lake can be stocked with these fish, it is 
recommended that no serious attempt be made to raise them 
in a lake or pond. However, further investigations may 
cause us to change this recommendation. 
NATURAL ENEMIES AND COMPETITORS 
OF FISH 
More information is needed on animals that feed partly 
or largely on fish before they can certainly be classed as 
outlaws for extermination. Too much of our evidence is 
circumstantial and should not be used in the incrimination 
of an animal as completely undesirable. As a matter of fact 
some of the worst enemies of fish are fish. That is true of 
the bass, grindel and gars. This in itself makes game fish 
management difficult and emphasizes the need in limited 
water areas of proper stocking combinations. 
Fish Predators 
The gar and grindel are considered by most fishermen as 
two of the most detrimental fish we have in Texas waters. 
But if these fish have real utility as food and are used in 
that capacity their status as undesirables is changed. If on 
the other hand they are not used as food, the presence of 
only a few of these animals in a small body of water might 
account for a big reduction in the favored pan fish. 
We must bear in mind that a body of water will produce 
only a definite poundage of fish. Any fish normally unused 
as food by other fish or by man is a liability because it con-
sumes the lakes resources just as a desirable fish does. Such 
a kind of fish should probably be removed from a lake. 
Gars have been removed from lakes by the use of a float-
,ing gill net, set at night when they swim about near the 
surface of deep water. Burr (1932) recommends the use of 
an electric shock in gar control. The Texas Game, Fish and 
Oyster Commission urges anglers to fish for gar because of 
the sport derived. In an article by Toole (1940), an effective 
technique is outlined. 
Recently (March 4, 1943), Louisiana has declared war on 
the garfish. They are urging fishermen to catch them for 
(45) 
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the sport or to shoot them. One commercial fisherman uses 
a slatted box attached to seines in which the smaller game 
fish can slip through the slats but the larger gars are re-
tained. Incidentally, commercial fishermen are permitted to 
keep and sell the coarse fish as a reward for killing the gar. 
If the gar is used as food it should be remembered that 
gar eggs are poisonous to man and their consumption might 
end disastrously. In Stuttgart, Arkansas (Brenner, 1943), 
a factory is to be opened in June for the canning and pack-
ing of gar meat for human consumption. This is evidence 
of the human utility of rough fish. 
The young of grindel can be destroyed in shallow waters 
by the use of a dip net. Their habit of swimming together 
in a compact school makes this easy. The adults can also be 
trapped in the shallows during the spawning season and 
seined out. 
Bird Predators 
Long-legged wading birds such as herons, bitterns and 
egrets have frequently been killed as undesirables. Hubbs 
and Eschmeyer (1937) point out that the herons may 
actually help to increase the desired species by "feeding 
chiefly on the stunted populations of sunfishes and the like." 
It must also be remembered that these birds feed on small 
water snakes as well as other water animals. Therefore, 
their status as detrimental is debatable and they must be 
judged by their abundance, and the type of food they con-
sume in largest quantities. We are of the opinion that many 
fishermen derive pleasure in observing these birds in the 
lake shallows and do not begrudge them a few fish in return 
for their picturesqueness in the background. 
Other birds that feed on fish are kingfishers, cormorants, 
pelicans, osprey or fish-hawk, and the water turkey. Except 
in hatcheries and small ponds we believe that the slight 
harm they do by fish consumption does not warrant their 
extermination. Investigations are now under way in several 
parts of the country to determine the status of water birds 
in fish management. 
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Snakes 
Two kinds of snakes frequent the shore lines of ponds 
and lakes in Texas. The more common is the non-poisonous 
water-snake, N atrix. The other is the poisonous cotton-
mouth moccasin. These two snakes are confused by many 
fishermen. The moccasin has bulging jaws, distinct neck, 
vertical eye pupils, a blunt tail and a pit between each eye 
and nostril. N atrix lacks the pits, has a slender tail, round 
pupils, and the head gradually tapers into the neck. 
Both of these snakes consume fish, as well as frogs and 
some other small animals. They should be killed whenever 
possible. 
Turtles 
These animals are regarded as detrimental to the fish 
population. They probably do considerable damage to the 
spawning grounds, and stomach analyses show that some 
consume fish along with other animals and plants. 
Although we have few data on the feeding habits of 
turtles in the Southwest, Lagler (1940) has published inter-
esting information on the feeding habits of common water 
turtles in Michigan. The foods of these turtles are sum-
marized as follows: 
SNAPPING TURTLE 
Game fish _____________________________________________________  
Water plants ________________________________________________  
Carrion _____________ _____ _ ______________________  
Backboneless animals _________________________________  
Miscellaneous backboned animals _____________ _ 
MUSK TURTLE 
Carrion ________________________________________________________  
Snails and clams __________________________________________  
Insects ___________________________________________________________  
Cr a wfis h _________________________________________________________  
Game fish --------------------------------------------------------
Decaying vegetation --------------------------------------
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WESTERN PAINTED TURTLE 
Water p Ian ts --------------------------------------------------
Insects ------------------------------------------------------------
Snails and clams--------------------------------------------
D ecayi ng vegetation --------------------------------------
Crustacea --------------------------------------------------------











It was also discover.ed that the soft-shell turtle fed mostly 
on crawfish and insects. 
These data are revealing since they are at odds with a 
popular belief that water turtles feed primarily on fish. On 
the whole, however, the turtles must be looked upon as 
competitors for fish food and it is common practice to try 
to eradicate them. 
Several different kinds of turtle traps have been designed 
and these if properly baited and run are effective in keeping 
down the turtle population. A design for an effective trap 
may be secured from the Game, Fish and Osyter Commis-
sion at Austin. 
Rough Fish 
Occasionally certain kinds of fish become so abundant as 
actually to change fishing conditions in a lake or pond. The 
desired balance is upset and a body of water may deteriorate 
as a habitat for game fish. In such circumstances coarse 
or rough fish such as carp, suckers, quillback or buffalo 
may be largely responsible. 
Ricker and Gottschalk (1941) tell of an experiment in 
removing rough fish from a lake in Indiana. After an im-
portant fraction of the quillback, carp, buffalo and gar had 
been removed the lake improved markedly for fishing. The 
change effected by the removal of coarse fish was as fol-
lows: "It remains only to record that in 1936 the other signs 
of biological unbalance in the lake-muddy water and 
absence of vegetation-were rectified. The lake today is of 
the blue color to be expected in a body of water which, 
though shallow, has no sediment-bearing tributaries." 
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Vegetation grew back in abundance and the lake was again 
a good fishing place. It seems probable that the damage 
reported by Ricker and Gottschalk occurs to most bodies of 
water in which rough fish are over-abundant. 
Stomach analyses on twenty-four quillback (ranging in 
length from 14 to 18 inches), caught in White Rock lake 
during December, showed that their food consisted largely 
of bottom muck, shelled crustaceans (ostracods) and a fow 
immature insects. The latter were probably collected in the 
bottom muck. 
Ewers and Boesel (1935) examined the stomachs of ten 
carp from one to two inches in length, and found that 
51.5 % of the food eaten consisted of crustaceans and 36.5 % 
immature insects. These fish were caught in an Ohio lake. 
Forbes and Richardson (1908) found that the carp feed 




Many farms have areas that will lend themselves to the 
installation of fish ponds at little cost or have nonproduc-
tive ponds that could with small expenditure be converted 
into profitable areas. Such additional production can sup-
plement the food crop for home consumption; or the fish 
could be harvested and marketed like cotton, potatoes and 
corn. 
Success in fish-farming will depend to a great extent on 
the selection and preparation of the pond site. Such factors 
as available water, land and its ability to hold water, erosion 
control, overflow, and facilities for drainage must be con-
sidered. The County Agent or County Engineer can be of 
assistance in all these problems and can help the prospective 
fish-culturist to start his project right, and thus avoid later 
trouble and possible failure. 
The type of fish-culture that will best fit the locality 
should first be determined. Costly mistakes may be elimi-
nated by well laid plans before construction is started. 
Financial assistance for pond construction can usually be 
obtained from the U. S. Agricultural Adjustment Admini-
stration, which reimburses the farm or ranch owner a small 
sum of money for each yard of dirt that is moved. Addi-
tional information regarding this plan may be obtained 
from the Federal Soil Conservation Service or from your 
County Farm Agent. 
There are three plans of pond fish-culture, any one of 




(a) A pond in which both fish and fish food are produced 
simultaneously. (b) Rearing ponds in which the food is de-
veloped or cultured and the fish are then introduced from 
a brood pond. ( c) Ponds in which the fish are fed a pre-
pared menu at regular intervals, i.e., meat scraps, ground 
or cut fresh fish, crawfish and minnows which are collected 
from natural sources or reared in ponds on the land. 
Pond Size 
More than 100 farm ponds varying in size from one-
fourth to three acres have been seined in the Dallas vicinity 
and East Texas to secure display fish for the Dallas Aquari-
um. If conclusions can be drawn from fish found it would 
seem that most ponds of less than one acre are unprofitable 
for fish-culture. In all probability the failure of the larger 
(one acre or more) ponds to produce profitably was due 
to improper stocking and poor management. It has been our 
experience that a profitable fish-culture project requires 
a body of water covering not less than one acre. This is 
also in line with the recommendations of Fearnow (1929). 
Water Supply 
The water supply is of greatest importance. First, the 
water in the pond should be kept at a more or less constant 
level during the entire year, because a fluctuation of the 
water level during the spawning season may result in a 
complete loss of eggs or fry due to exposure. Therefore, a 
water supply sufficient to replace losses due to evaporation 
and seepage, as well as long periods of drought, must be 
available. Ponds that get too low during the summer may 
become overheated and lose oxygen, which causes fish and 
fish food to die. In the winter, shallow ponds of low water 
level may freeze over, which could (because of poor aera-
tion) result in failure of the project. 
A constant flow of water creating currents through a 
pond is not desirable because much fish food is carried out 
and an insufficient time is allotted for weaker organisms 
that serve as fish food to become e3tablished. 
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Rain alone should not ordinarily be depended upon as a 
source of supply. Swingle and Smith (1940) report success 
in terraced ponds of 1.5 acres, using rainfall as a source of 
water. Too large a watershed may send down a volume of 
water great enough to wash out the dam or completely flush 
the pond, thus 'causing the loss of fish and fish food. On the 
other hand too small a watershed will not maintain the 
water level desired. A plowed field should not be used as a 
watershed because of the inwash of silt. Meadows and 
grazing lands are most desirable. The County Engineer 
could determine adequacy of the watershed. 
Water should be tested to see that it is free from harm-
ful elements. Such testing does not require expert analysis; 
but James (1929) states that so-called pure water because 
of sub-aeration or sup,er-aeration often carries amounts of 
oxygen and nitrogen''gases sufficiently high to injure fish. 
In testing the desirability of water for fish a small pond 
could be dug, filled and the kinds of fish to be used intro-
duced. If the fish are alive and healthy at the end of two 
weeks the water may be assumed to be suitable. 
Spring water is the most desirable, being the least sub-
ject to outside influences. Should the spring be located 
in the bed of the pond injurious results could come from 
any impurities, previously mentioned. When springs are 
used it is sometimes desirable to create an independent 
water supply reservoir, which is useful in stabilizing the 
gaseous contents and temperature before it is fed into the 
pond. Since in ma:ny instances the spring is accessible to 
cattle that pack down the earth, thus retarding the water 
flow, James (1929) states that this may be eliminated by 
sinking a two-foot section of clay pipe over the point of 
inflow, and the encased dirt can then be removed. Several 
such pipes will markedly increase the flow. For the most 
effective results it is better to excavate the spring site and 
wall it in with rock and concrete. Should the water supply 
be excessive the surplus can be by-passed through wooden 
flumes or diversion ditches thereby discharging it below 
the pond. This water may also be utilized for irrigation and 
for animals. 
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A stream is another water source, and it may present 
problems difficult to correct. The chief objection is the ex-
cessive quantities of mud and debris carried during rains 
and flood periods. Gates and screens should be installed to 
prevent the introduction of undesirable fish and other 
enemies. These screens should be constructed in three sec-
tions; the first, composed of hogwire to stop the flow of 
large debris; the second, of two-inch mesh to stop plants 
and smaller debris that might have passed the first screen; 
and the third, of one-eighth-inch hardware cloth which pre-
vents most fry of undesirable fish from becoming estab-
lished in the pond. Gates should be installed so that al' 
water could be by-passed during storm periods. To provide 
a head for gravity flow to the pond it may be necessary to 
construct a dam in the creek bed. 
Lake water generally does not afford the difficulties that 
other sources of supply do, as this water is seldom roiled 
and little debris is present, due to lack of currents; there-
fore, screening is only necessary to keep out fish and fish 
enemies. The plant and animal life contained in bodies of 
open water forms a valuable addition to the natural and 
introduced foods of a fish-culture project. 
Wells, both flowing and pumped, are as a rule good 
sources of supply for the cultivation of fish. Water from 
this source should, however, be thoroughly tested to deter-
mine its fitness for fish before going to any expense of con-
struction. 
Selection of Pond Site 
In choosing the pond site the best lands are alluvial soils 
to be found in old waterways, swamps, ravines and catch 
basins of long standing. Their fertility is high and they 
require only a minimum of additional water to maintain 
the proper level in the ponds. The next choice is clay loams 
which have little or no fertility, but react readily to fertil-
izers. Sandy loam is more of a problem, as difficulty may be 
experienced in making it hold water at first. This condi-
tion can be overcome in time by the accumulation of decay-
ing vegetation. The fertility of sandy loam ponds is as a 
rule high and good production may be expected. Gravel and 
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porous soils are generally not suited for ponds as they per-
mit too much seepage and a constant level is hard to main-
tain. Cahn (1937) reports the successful use of Akwaseal, 
a product of the American Colloid Company of Chicago, in 
the sealing of fish ponds. Information may be secured on its 
use by writing this company. 
Seepage in ponds may sometimes be controlled by appli-
cation of barnyard manure or by a layer of clay, from three 
to six inches deep, spread over the bottom and tamped. A 
team of mules dragging a harrow may be driven through 
the pond keeping them about knee deep in water as it is 
being filled. This constant roiling of the water will as a rule 
fill the cracks and stop the seepage. Toole (1943) reports 
the successful use of Volclay and Akwaseal in sealing 
hatchery ponds in Texas. 
Drainage 
Drainage is an important factor in selection of a pond 
site. Ponds that are properly managed must be completely 
drained to harvest the fish crop, clean out the excessive 
vegetation and prepare for the next year's production. 
Should a choice have to be made between gravity flow into 
the pond or gravity drainage, the decision should always 
be in favor of the latter. In many cases the overflow water 
from a pond may be utilized by cutting diversion ditches. 
This will give complete utilization of the water and make 
it serve a dual purpose. 
Pond Construction 
The exact size and shape of a pond will necessarily be 
determined by the topography of the land, nature of the 
soil and available water supply. The suggested methods 
here are for general conditions which may be encountered, 
and no attempt is made to formulate rules for construction 
or maintenance. As previously stated, the surface area of a 
pond should be one acre or larger to insure satisfactory 
production of fish on a profitable scale. The following ac-
count is modified from James (1929) : 
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In preparing the foundation for a dam or levee all trees, 
underbrush, rocks, and sod should be removed. The ground 
should be plowed in the same direction as the fill; this will 
insure a better union between the foundation and the mate-
rials used. A trench twelve inches deep should be dug along 
the center line of the fill and this is filled with fresh earth 
continuous with the material of the dam. This ties the base 
of the dam to its foundation and tends to reduce seepage. 
In making the fill the materials should be placed in layers 
of the same thickness, the full length, and in one continuous 
operation, never in sections. This procedure will help to 
make the fill more compact and reduce the possibility of 
variations in materials, and the danger of cracks and wash-
outs is reduced to a minimum. In constructing the dam or 
embankment of the pond the ridge should be at least six 
feet wide and the base thirty feet wide. The crown should 
be planted with native grasses to prevent washing from 
wave and wind action. Willow trees may be planted along 
the embankments to provide shade and help in cooling the 
water during the summer. Do not plant trees on the dam. 
If riprapping the face of the fill or the dam with rocks is 
desired a smooth coating of concrete filling the cracks will 
eliminate hiding and nesting places for snakes and other 
fish enemies. 
A kettle (see page 57) at the deepest section of the 
pond will help in gathering the crop and will insure 
sufficient water to keep the fish in a healthy condition until 
they are transferred to other ponds or sorting boxes. It is 
through the kettle that the complete draining of the pond 
is accomplished as the drain pipe is located in the bottom 
of the basin. There are several types of construction that 
will effect good drainage; first, the gate-valve and pipe; 
second, the circular drain (Fig. 17-B) ; and third, the chim-
ney with screens and baffle board (Fig. 17-A). It is best 
that all drain pipes through the dam be made of non-cor-
roding corrugated iron or pipes fitted with two ten or 
twelve-inch flanges. This prevents burrowing crawfish from 
following the smooth pipes through the levees, thereby 
opening holes that start leaks. 
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If a chimney (p. 76) is constructed as the outlet for a 
pond, three sides may be made of wood or concrete with 
slots placed at the open side to receive the baffle boards or 
dam and screen. The baffle boards should be made of 
tongue and grooved cypress, 3' 4" x 2" x 6" and placed one 
on top of the other in the rear slot to establish the desired 
water level in the pond. To drain the pond, not more than 
one or two of these boards should be removed at a time. 
In the front slot a 40" frame with ¼" hardware cloth 
screen is placed to keep the fish from passing out through 
the drain. A drain pipe is installed at the bottom and to 
the rear of the chimney passing through the dam to dis-
charge the water. The chimney may be constructed with 
all four sides of concrete, and with a gate-valve installed 
at the base for draining. In this case a screen is also neces-
sary to hold the fish in the pond. 
Approximately 50 o/o of the pond floor should be three 
feet or less in depth. The shallows serve in the production 
of plant and animal life as food for the young fish. The 
other half of the pond should taper off to at least six feet 
in depth for the larger fish. Deeper water provides a tem-
perature range, and is cooler in summer and warmer in 
winter, which protects the adult fish. An irregular shore-
line provides more shallows and in turn produces more 
fish food. Ridges (Fig. 18) can often be made at the upper 
end of the pond, thereby materially increasing the shoreline. 
Spawning sites for the various species of fish, their 
arrangement in the pond, and method of construction and 
materials are discussed in another section. 
Fencing is important from the standpoint of wildlife. 
Fences exclude the livestock, thus permitting plants to grow 
in the shallows and preventing interference with spawning 
areas. Roiling and silting will also be reduced if livestock 
are kept out. In order that livestock may use the water for 
drinking purposes a trough may be constructed at little 
cost below the dam (Fig. 19) and may be equipped with a 
pipe and float valve. 
Should an unproductive pond already exist, it may be 
remodeled and made profitable by following the outlined 
procedures. 
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Types of Ponds 
Figure 18 illustrates the adaptability of a creek bed to 
fish-culture. A deflecting channel is constructed along the 
hillside above the proposed basin to divert the flow of the 
creek. A dam is then constructed in the old creek channel 
and the outlet or drainage equipment is installed. The kettle 
(Fig. 18-A) should be prepared at the lowest level near the 
dam. The term kettle applies to a depression dug to a depth 
of from one to two feet below the pond floor in the deepest 
part of the pond. In a one-acre pond this depression should 
be at least six feet wide and fifteen feet long or comparable 
to these dimensions. The floor of the kettle should be 
gravelled to insure a solid bottom for seining. Small ditches 
about six inches deep and fifteen to eighteen inches wide 
should be dug from the kettle in several directions toward 
the upper end of the pond, which will help both in draining 
and in leading the fish into the kettle (Fig. 18). At the 
upper end of the pond the intake line is constructed as 
shown in Fig. 18. The ground on either side of the old chan-
nel can be graded to the desired depth, using slips and 
teams or dragline. This soil may be used in making the fill 
for the dam or levees. The old creek channel should be filled 
to the same level as the rest of the pond bottom to elimi-
nate holes that might make complete drainage difficult. The 
pond bottom should be graded from twelve inches at the 
margins to three feet at the center for the upper half of 
the basin. The lower half should be tapered to six or more 
feet in depth, keeping a constant fall to the kettle and 
drain. Should additional shoreline be advisable, levees as 
shown in Fig. 18 may be constructed in the basin. The 
crowns of such levees should be sodded or planted in native 
grasses to prevent erosion from wind and wave action. 
Levees of this type create additional shallows for the rais-
ing of microscopic plant and animal life, the basic food for 
fry and fingerling fish. Young fish also need shallow areas 
for protection from the larger fish in the pond. Willow trees 
may be planted on the banks for shade. 
Figure 20-A represents a pond built on a gradually slop-
ing hillside, in which case the dirt taken from the basin 
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may be converted into levees which adds depth with a mini-
mum of excavation. If pond construction of this type is 
undertaken ample provision should be made for draining. 
Should the fall below the pond not be sufficient a ditch may 
be excavated to the depth of the drain pipe thereby insuring 
complete drainage. The pond should be constructed in pas-
ture land rather than in a plowed field, otherwise the basin 
would silt. 
If the source of water is below the dam, it is best to pump 
the water over the dam filling the pond from the deepest 
part outward (Fig. 20-B). This prevents washing of the 
bottom which may fill the kettle and block the drain. The 
intake line at the kettle will provide fresh cool water during 
harvesting, prevent overheating of the water, maintain an 
oxygen supply, and keep the fish in a healthy condition dur-
ing this operation. 
Figure 21-A illustrates how a pond or a series of ponds 
may be constructed along the side of a hill above the chan-
nel of a stream. In such cases it is generally desirable to 
# 
construct a dam across the channel to create the necessary 
head as in Fig. 21-A, thereby diverting the flow of water into 
a ditch to supply the ponds. This type of construction gives 
control of the water supply during normal and flood stages. 
The intake at the dam for the diversion channel should be 
screened to prevent introduction of undesirable fish and 
other enemies. Baffle boards may be installed at the intake 
at the dam to insure good aeration of the water and expel 
undesirable gases. A detailed drawing for the intake box 
from the diversion channel, showing screens, dam and racks 
is shown in Fig. 18-B. The outlet box is pictured in Fig. 
17-A. If a circular drain (Figs. 19-A and B) is used it is 
necessary to install a wooden collar and one-fourth-inch 
hardware cloth screen to prevent the loss of fish through 
the drain pipe (Figs. 17-C and D). 
In the construction of a series of ponds one may be too 
shallow for fish production. This pond may be set aside for 
raising minnows and crawfish to be used as food in the 
other ponds. 
Figure 19-A illustrates the use of a ravine or gully caused 
by soil erosion. If properly treated this stops further ero-
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sion, conserves the land and is excellent for fish production. 
A diversion channel should be made around the ravine to 
direct the drainage from the land above. A levee between 
the desired shore line and the diversion ditch may be built 
of the excavated dirt from the basin as in Fig. 19-A. This 
protects the pond from silting. By excavating the margins 
of the ravine, the area of the pond may be increased, thus 
giving additional shallows for spawning and fish food pro-
duction. The dam at the lower end of the spillway fitted 
with screens, splash boards, and drain pipe under the dam 
will change waste lands into profit producing crop lands. 
If spring water is used, a series of cypress boxes con-
structed to provide waterfalls is desirable (Fig. 21-B). The 
water from the spring should be spilled into the first box 
over a pile of rocks, and then by a series of falls to succes-
sive boxes filled with gravel. This aerates the water and 
expels most of the undesirable gases. 
STOCKING THE POND* 
In the stocking of fish ponds the following mistakes are 
frequently made: 
1. Wrong combination of fish. 
2. Overstocking. 
3. Introduction of fish not suited to the temperature 
range or chemical nature of the water. 
One-half acre of water will, if properly managed, pro-
duce a certain amount of edible fish if correctly stocked. 
Ponds of this size should ordinarily be stocked with chan-
nel or bullhead catfish; ponds from one to three acres with 
catfish, bream (bluegill or red-ear) and crappie; and ponds 
of three acres or more with bass and bream, or with bass, 
bream, crappie and catfish. 
Fearnow (1929), of the U. S. Bureau of Fisheries, states 
that many "failures have resulted from stocking the large-
mouth black bass in ponds too small." Investigators have 
found in long experience that this species will not ordi-
narily produce satisfactory results in bodies of water of 
less than three acres. Cannibalism is one of the major rea-
sons for failure. 
The maximum yield of any pond will be dependent on the 
quantity of desirable food available for each of the species. 
For this reason recommendations in stocking combinations 
are based largely on kinds of food consumed. 
The most common bad practice is the overstocking of a 
pond. A parallel may be drawn with the overstocking of 
cattle on grazing land. Fish, like cattle, require a certain 
*Fish for stocking purposes may be secured gratis from the Texas 
Game, Fish and Oyster Commission. The Commission operates eleven 
hatcheries and by addressing a card or letter to the Commission, one 
receives an application blank. This should be filled out and returned 
before August 1, for no allocations of fish are made after that date until 
the following year. Information concerning delivery and transportation 
of the fish may be secured from the Commission. Application for fish 
may also be made to the U. S. Fish and Wildlife Service, Albuquerque, 
New Mexico. 
(60) 
STOCKING THE POND 61 
amount of forage ground and in stocking, ·1,11is point is 
significant. 
Experience in the City of Dallas Fish Hatchery shows 
that in a pond stocked with 1,000 fish, each weighed about 
five times as much as the fish did in a similar pond stocked 
with 5,000. 
Recommendations for stocking and combinations are 
given in tabular form below. 
The introduction of species not suited to the temperature 
range or to dissolved substances in the water may result 
in the death of fish. Temperature is a deciding factor with 
such fish as trout, pike and the Rio Grande perch, the latter 
found native along the Texas-Mexican border. The trout 
and pike prefer temperatures below 65°F., whereas the Rio 
Grande perch require temperatures above 65°F. These tem-
perature demands are inherent in the fish and cannot be 
changed by slow changes in water temperature. Thus a 
well-planned stocking program should be limited to the use 
of proved native fish. This also applies to fish food and 
vegetation. 
According to our observations and those of others the 
use of the white or black crappie should be determined 
largely by the acid or alkaline content of the water. White 
crappie ordinarily do best in slightly murky alkaline water, 
whereas black crappie prefer clear cool water that is nearly 
neutral or even slightly acid. 
The following are suggested ratios for stocking ponds of 
one acre. Ponds with greater acreage may be stocked in the 
same ratio: 
1. Ponds stocked with adult fish before the regular 
spawning season. 
Combination 1 
Females Males Size in Pounds Size in Inches 
(1) Bass 1 1 2to 21/2 12 or longer 
(2) Crappie 2 2 ¾ to 1 8 or longer 
(3) Bream (bluegill 
or red-ear) 3 2 1/2to¾ 5 or longer 
(4) Golden shinner, 50 fish 3 to 4 
(5) Black-head or Blunt-nose 
minnow, 50 fish 2 to 3 
(6) Crawfish, 500 adults 
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Combination 2 
Females Males Size in Pounds 
(1) Crappie 2 2 ¾tol 
(2) Channel 
catfish 1 1 2 to 3 
(3) Bream (bluegill 
or red-ear) 3 2 ½to¾ 
(4) Black-head or Blunt-nose 
minnow, 50 fish 




2 2 ¾tol 
catfish 1 1 
(3) Black-head or Blunt-nose 
Size in Inches 
8 or longer 
12 or longer 
5 or longer 
2to 3 
adults 
8 or longer 
6 or longer 
minnow, 100 fish 2 to 3 
(4) Crawfish, 500 adults 
2. Stocking ratios of fingerlings. The individuals of each 
species should be of uniform size. 
Combination 1 
Number of Fish Size in Inches 
(1) Bass 60 2½to5 
(2) Crappie 100 2 to 4 
(3) Bream (bluegill or 
red-ear) 600 1 to 2 
(4) Black-head or 
Blunt-nose minnows 100 2 to 3 
(5) Golden shiner minnows 50 3 to 4 
(6) Crawfish 500 adults 
Combination 2 
(1) Crappie 200 2½ to 5 
(2) Channel catfish 200 2 to 5 
(3) Bream (bluegill or 
red-ear) 500 1 to 2 
(4) Crawfish 500 adults 
Combination 3 
(1) Crappie 200 2½ to 3 
(2) Bullhead catfish 200 2to 3 
(3) Bream (bluegill or 
red-ear) 350 1 to 2 
(4) Black-head or 
Blunt-nose minnows 100 2to 3 
(5) Crawfish 500 adults 
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3. Stocking of a single species of fish to be reared for the 
market in one-acre ponds. 
(1) Channel catfish 
(2) Crawfish 
( 1) Bullhead catfish 
(2) Crawfish 
Combination 1 






Size in Inches 
2 to 5 
adults 
1 to 3 
adults 
The use of largemouth or spotted bass is also a matter of 
individual choice. 
Bass, crappie and sunfish cannot be legally raised in 
Texas for the market. When projects of this nature are 
desired the project must be limited to the production of 
catfish or rough fish such as carp, buffalo, or quillback. 
Several species of fish have not been recommended for 
stocking in any pond. The green sunfish, Lepomis gib bosus 
(Linn.), pumpkinseed, Lepomis microlophus (GUNTHER), 
longear sunfish, Lepomis megalotus (COPE), warmouth 
bass, Chaenobryttus gulosus (CUVIER) and others have 
been omitted for various reasons. 
The green sunfish and goggle-eye have very large mouths, 
are carnivorous and voracious feeders. These fish stocked 
in ponds of less than five acres may in a short time pre-
dominate and consume the available food. The body of 
water will become over-populated with stunted fish. The 
longear and pumpkinseed as a rule do not grow to a desir-
able size in this section; it has been our experience that 
they multiply rapidly, over-populate a pond and may be a 
factor in failures in farm fish culture. 
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68 FISH CULTURE 
FIG. 3. LARGEMOUTH BASS [Huro salmoides (LACEPEDE)] 
Angle of jaws project past vertical line drawn through back of eye 
(Fig. 3-A); usually dark green* above, with sides and underparts sil-
very-green; young bears a conspicuous black line on side of body from 
opercle to tail fin, which pales and breaks up as the fish grows older; no 
scales between rays of dorsal and anal fins. 
FIG. 4. A)Vertical line drawn from angle of jaw passes back of eye in 
largemouth bass. B) Through middle of eye in spotted bass. 
*Body color i~ fish is to :ii. large extent seasonal and environmental. The· brightest ~d~i~:. occur during the mating S€ason. Colors herein usej are based on breeding 
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FIG. 5. WHITE CRAPPIE [Pomoxis annularis (RAF.)] 
Dorsal spines usually five or six in number; black markings, if preR-ent, arranged in vertical bars. 
FIG. 6. BLACK CRAPPIE [Pomo.l'is nigro-maculatus (LESUEUR)] 
Dorsal spines usually seven or eight; black markings, if present, not arranged in vertical bars. 
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FIG. 7. BLUEGILL SUNFISH [Lepomis macrochirus (GUNTH
ER)] 
Dark greenish-olive on back with paler sides, and the belly freq
uently 
coppery; ear-flap blue to blue-black; usually a dark blotch nea
r base of 
last rays in dorsal fin; a U-shaped blue line on chin below the 
mouth. 
FIG. 8. RED-EARED SUNFISH [Lepomis microlophus (GUN
THER]) 
Pale greenish-olive, mottled with darker; ear-flap greenish-
black, 
with a conspicuous yellow or bright red border. 
71 
FIG. 9. CHANNEL CATFISH [Ictalurus lacustris punctatus (RAF.)] 
Upper parts bluish-silver, fading into silvery sides and belly; body 
lightly or heavily speckled; 24-29 rays in anal fin. 
FIG. 10. BLACK BULLHEAD CATFISH [Ameiurus melas (RAF.)] 
Dusty-black above with lighter belly; chin barbels dark; body ordi-
narily deeper than the yellow bullhead. 
FIG. 11. YELLOW BULLHEAD CATFISH 
[Ameiurus natalis (LE SUEUR)] 
Olive-yellow above with paler sides and belly; the four chin barbels 











FIG. 12. IMPORTANT FISH FOODS 
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FIG. 13. GOLDEN SHINER [Notemigonus chl'ysoleucas (MITCHILL)] 
Adult usually of a bright greenish-gold; head small, triangular in 
profile; lateral line noticeably arcs downward; maximum length ap-
proximately 10 inches. 
FIG. 14. GIZZARD SHAD [Dorosoma cepedianum (LE SUEUR)] 
Body is silvery-blue above and sharply keeled on back and lower sur-
face; dorsal fin bears a streamer-like extension; animals 15 inches long 
not unusual. 
FISH RECOMMENDED AS FOOD FOR THE BLACK-BASS AND CRAPPIE 
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FIG. 15. BLACK-HEADED MINNOW [Pimephales promelas (RAF\)] 
Prominent black spot at base of tail fin; rounded nose projects beyond 
the small mouth; body chunky and fat from head to dorsal fin; three 
rows of conspicuous tubercles extend across nose in breeding male; lat-
eral line complete; max.imum length approximately 4 inches. 
FIG. 16. BLUNT-NOSED MINNOW [Hyborhynchus notatus (RAF.)] 
Prominent black spot at base of tail fin; rounded nose projects be-
yond the small mouth; body chunky and fat from head to dorsal fin; 
three rows of conspicuous tubercles extend across nose in breeding 
male; lateral line complete; maximum length approximately 4 inches. 
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FIG. 17. A) Detail of concrete or wooden chimney used for draining 
pond. B) Detail of circular drain, showing how water level may be 
changed. C) Wooden collar with screen to prevent loss of fish. D) Sim-
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FIG. 18. A) How TO BUILD A POND IN A CREEK BED (especially suited 
for farm-fish culture). Note 1) Diversion of creek channel around pond. 
2) Intake box for water supply. 3) Ridges to increase shore line. 4) 
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or drain box 
FIG. 20. A) How TO CONSTRUCT AN EXCAVATED POND ON A HILLSIDE, 
WITH WATER SUPPLIED BY SURFACE DRAINAGE. B) Longitudinal section 
of a pond fed by motor-driven pump, supplying water over dam from 
source below. C) Side elevation of concrete or wooden drain. D) Top 
view of drain. 
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FIG. 21. A) How TO CONSTRUCT A SERIES OF PONDS ON A HILLSIDE 
ABOVE A CREEK. Note 1) Damming of creek to raise water level in order 
to feed ponds by gravity flow. 2) Gravity flow from ditch or pipeline 
through ponds, through outlets, into discharge and creek. !3) Diversion 
ditch for rain water. 
B) Method of aerating water from well or spring before it enters 
pond. 
